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I AITIAROBOT 

Personal Robot Store 



SINK yOUR TEETH INTO 
SOMETHING SPECIAL 


THE FUTURE IS AMAROBOT 

Amarobot welcomes you to the 
infancy of Personal Robotics. 

Watch as we develop the 
industry, in much the same 
way as the personal computer 
field was developed 20 years 
ago. If you missed the 
beginnings then, or if 
computers still seem 
unfriendly to you now, 
here’s a chance to 
sink your teeth into 
something special. 

Afterall, a robot is 
a computer, a much 
more friendly one 
— like a pet from 
another dimension 
of time and space. 

And if you're one of the captains on spaceship Earth who likes to set the trends, 
the Amarobot turtle is choice. Amarobot has designed an inexpensive turtle, one 
that grows with you as personal robotics grows. And you needn't ask, "What can 
it do?" Your Amarobot turtle can do almost anything. The only limitation is 
imagination, and imagination is unlimited — as unlimited as the future... 


PRESENTING 


THE 

AMAR080T 

TURTLE 

ONLY $209.00 


CURRENT AVAILABILITY: COMMODORE-64 & ATARI 800 


BASIC TURTLE: software 
included , Programmable, 
Dual motor, Independent, 
Variable speed 2 1/0, 
Cable, Paddle drive-teach 
4 prog. LEDs, Wheel 
encoder, Pulse width 
modulated 


OPTIONS NOW AVAILABLE: 
Vacuum attachment: $35.00 

Forth language: $65.00 

2 sets bumper 

switches - pair: $19.95 
32 outputs 

attachment : $49 . 95 



OPTIONS SOON AVAILABLE: 
Arm, Body, Voice, Vision, 
Logo language, Graphics, 
Infrared data link, RS232, 
Real time clock, Course 
manuals, Kit forms, Hall 
encoding, Biofeedback 
link (mind control) 


flmftROBOT 

1780 Shattuck Avenue 
BeAkzizy , C A 94709 
l 415 ) 548-3554 
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Editorial 


BY RAY COTE 


MARKETING QUESTIONS 


I have recently received several 
telephone calls from graduate students 
taking surveys for courses covering 
business planning, market analysis, and 
even engineering evaluations. I’m 
always happy to answer their questions 


because I can discuss the answers they 
have already received (it’s a wonderful, 
informal survey) and because I want to 
know what their questions are. 

To date, most of the surveys asking 
about personal or home robots seem 


typical. 


FINALLY. A CNC SERVICING TRAINER 
THAT COVERS TYPICAL, REAL-WORLD 
SERVICING TECHNIQUES, 
PRINCIPLES AND APPLICATIONS. 



Specially designed to give 
hopeful service engineers a 
taste of the real world, our 
ST9000 covers those CNC 
servicing techniques and princi- 
ples in everyday use out in the 
field. Incorporating circuitry 
typical of that used in industrial 
applications, the ST9000 
utilizes both 
D.C. servo 
and stepper 
motors, incre- 
mental and 
absolute 


shaft encoders, and features 
an open plan design to 
facilitate and encourage student 
observation and involvement. 

By means of DIL switches, 
instructors may introduce up 
to sixteen faults typical of those 
most often found in an 
industrial system, and detect- 
able using standard test 

equipment. Optional 
computer control 
is available. 


For Information Coll Toll Free: 


(600) 526-6783 

Alaska, Hawaii and New Jersey call (201) 464-5181 


FEEDBACK 

620 Springfield Ave., Berkeley Heights, 

NJ 07922 • (201) 464-5181 

Feedback: for over 25 years, a leading force in meeting 
the needs of technical education. 



to make one fundamental error. They 
assume that the personal robot is right 
around the corner. Some surveys even 
assume it has already arrived. 

The basic question which these sur- 
veys want to answer is, “How can we 
make money in the personal robot 
marketplace?” I am still waiting for the 
survey that asks, “Is there a personal 
robot marketplace? If so, how large? If 
not, how soon?” Although I firmly 
believe that personal robots will some- 
day be a household item, I don’t see 
it as a reality for the next five to ten 
years. We have yet to go through the 
agonizing, yet inevitable, development 
stage. After all, in this day and age you 
can’t be a serious industry unless you 
have a “shake-out.” 

The real question facing potential 
personal robot manufacturers is this. 
Should a 1985 personal robot (not ex- 
perimental, nor educational) try to take 
out the garbage or should it simply be 
a nifty, whizz-bang gizmo that is amus- 
ing to have about the house? The 
Heath Co. Consumer Division is hop- 
ing that the 1985 personal robot 
should simply be entertaining. Perhaps 
they are right. After all, the personal 
computer that was supposed to revolu- 
tionize the household simply brought 
entrancing (to some), colorful, shoot- 
em-down or blow-em-up video games 
to your television. (By the way, why isn’t 
it a “personal” television set?) 

Entertainment may well be the per- 
sonal robot’s initial role. A cute little 
box that runs around the house and 
says “Hello” to family and friends and 
shouts “Halt there” to intruders. Some- 
thing to impress the neighbors who 
don’t yet have one, and something to 
talk to when you just need to hear the 
sound of your own voice. 

Although it is not the labor-saving, 
floor-scrubbing, garbage-toting ma- 
chine envisioned as the modern solu- 
tion to domestic help, the personal 
robot has succeeded in getting one 
foot (wheel?) in the door. 
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THE DISSECTIBLE 
ROBOT SYSTEM 



At last... a robotics 
kit that students 
can assemble in 
a variety of 
configurations. 


Piece-by-piece, robotics training comes togeth- 
er with Lab-Volt's latest addition to its high-tech 
robotics program... hands-on training in stepper 
motor control, linear and geometric motion con- 
trol, turret assembly, even gripper capabilities. Stu- 
dents build a fully functioning, fully programmable 
robot in just 30 minutes while building career skills 
that last a lifetime. 
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Contact 

We're 



P.O. Box 686 
Farmingdale, N.J. 07727 
(201) 938-2000 

Outside N.J. 800-223-1057 


Practical Career Skills Require Hands-On, Step-By-Step Training Programs 




Calendar 


December 1984 


3- 4 December. Expert Systems: A Practical Applica- 
tion of Artificial Intelligence (Course #1120DC). 
George Washington University, Washington, DC 
20052. Contact: J. Perkins, George Washington 
University, Washington, DC 20052, telephone (202) 
676-8510. 

A continuing education course designed to enhance 
and expand the technical skills of practicing profes- 
sionals in the field of artificial intelligence. This course 
identifies the many areas in which expert systems are 
being applied and presents the fundamental concepts 
and components of systems. It presents the various 
design issues and discusses methods for testing, 
validation, and evaluation of systems. Implementation, 
management issues, and future trends are also ex- 
amined. 

4- 7 December. International Conference on Robotics 
and Factories of the Future. Charlotte, NC. Contact: 
Mary Pat Young. University of North Carolina at 
Charlotte. UNCC Station. Charlotte, NC 28223, 
telephone (704) 597-2307. 

The conference will provide guidelines for future 
planning, research, education, and factory design for 
higher productivity through robotics and CAD/CAM. 
The conference will have international participation 
from speakers and exhibitors. 


11 December. Artificial Intelligence and Expert 

Systems. Sheraton Lincoln Inn, Framingham, MA. 
Contact: Lee Burgess. Rensselaer Polytechnic In- 
stitute. TVoy, NY 12181, telephone (518) 266-6589. 

This Executive Briefing session is designed by 
senior management for senior management person- 
nel. It will provide the basic information needed to 
make decisions about when and where to use AI/ES 
in products and processes. 

11-14 December. Various ASME Courses. Marriott 
Hotel, New Orleans, LA. Contact: ASME Professional 
Development Department, American Society of 
Mechanical Engineers, 345 East 47th St., New York. 
NY 10017, telephone (212) 705-7123. 

Five short courses are offered by the ASME: In- 
troduction to Computer Graphics, Computer-Aided 
Design and Manufacturing Technology, Management 
Skills Levels I & II. Project Management for 
Engineers, and Reducing Product Liability Exposure. 

February 1 985 

11 February. Artificial Intelligence and Expert 
Systems. Marriott/Copley Boston, MA. Contact: Lee 
Burgess. Rensselaer Polytechnic Institute. Troy, NY 
12181, telephone (518) 266-6589. 

This Executive Briefing session is designed by 
senior management for senior management person- 
nel. It will provide the basic information needed to 


make decisions about when and where to use AI/ES 

in products and processes. 

26-28 February. Agri-Mation 1. Palmer House Hotel. 
Chicago, IL. Contact: SME Public Relations, One 
SME Drive. PO Box 930, Dearborn, MI 48121, 
telephone (313) 271-1500. 

This three-day exposition will feature demonstra- 
tions of a wide range of automated equipment used 
in the production of food, fiber, and biomass materials. 
Featured will be new developments in irrigation and 
drainage, field equipment, material handling, storage 
and distribution, harvesting, processing, and the latest 
computerized systems and services available to the 
agricultural manager, researcher, and engineer. 
Among the agricultural automation products on 
display will be data acquisition systems, measurement 
instruments, mobile robots, motors, programmable 
controllers, robotic components and systems, sensors, 
controls, transducers, and actuators. 

March 1985 

4-6 March. FutureCare. San Antonio, TX. The 
Gunter Hotel, San Antonio, TX. Contact: The Univer- 
sity of Texas, Health Science Center at San Antonio, 
Occupational Therapy Program. 7703 Floyd Curl 
Drive, San Antonio, TX, 78284, telephone (512) 
691-7555. 

FutureCare is a three-day conference concerning 
the role of technology in rehabilitation. The sym- 



Don't Make a Move 

Without Us! 


Our HS-2 dual stepper motor driver allows 
independent control of two stepper motors from a 
personal computer. Or hook it up to our HS-1 micro- 
computer and get programmable in BASIC motion 
control. Our SM-101 90 oz-in stepper motors and 
PS-408 power supply complete the 
r _ system which gives hands-free, 

computer controlled operation of 
_a r drilling equipment, plotters, 

jjjr robotics — almost any application 

, where precise positioning 

~hmr is required. 


HS-2 Dual $149.00 

Complete System $619.00 

Components available separately. 
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posium allows clinicians using the new technologies 
in rehabilitation to share their ideas, experiences, and 
research with others and also provides a forum for 
the exploration and discussion of a broad range of 
technological applications to clinical rehabilitation. 
Topics include cognitive rehabilitation, use of robot 
systems, patient evaluation and treatment, and 
computer-assisted instruction. 

21- 22 March. Computers and Young Children. 
University of Delaware, Newark, DE. Contact: Dr. 
Richard B. Fischer, Division of Continuing Educa- 
tion, University of Delaware, Newark, DE 19716, 
telephone (302) 451-8838. 

This is the second national conference sponsored 
by the University of Delaware. The conference ex- 
plores the opportunities and problems educators face 
as computers are introduced into educational pro- 
grams. The emphasis is on programs for children 4-8 
years old. 

26-28 March. Vision ’85. Cobo Hall, Detroit, Ml. 
Contact: Jeff Burnstein, Robotic Industries Associa- 
tion, PO Box 1366, Dearborn, MI 48121, telephone 
(313) 271-7800. 

Vision ’85 will be the first major exhibition of 
machine vision systems and related equipment ever 
held. A comprehensive technical conference will ac- 
company the show. RIA's sponsorship of Vision ’85 
is an outgrowth of the trade associations new em- 
phasis on machine vision. 

April 1985 “ 

22- 25 April. LASERBOTICS: Combining Laser and 
Robot Technologies. Ann Arbor, MI. Contact: Steve 
Palma, SME Special Programs Department, One SME 
Drive, PO Box 930, Dearborn, MI 48121, telephone 
(313) 271-1500. 

The program will feature speakers from the U.S., 
Europe, and Asia and will examine the latest ad- 
vancements in combining lasers and robots to improve 
productivity. Co-chairperson Jack Lane, director of 
the Robotics Center at the GMI Engineering and 
Management Institute, and David Belforte, President 
of Belforte Associates, are preparing an agenda cover- 
ing the latest developments in laser tooling, robotic 
part presentation, laser-guided robotics, fiber optics, 
laser/robot welding and inspection. 

23- 24 April. 1985 Conference on Intelligent Systems 
and Machines. Oakland University, Rochester, ML 
Contact: Professor Nan K. Loh, Conference Chair- 
man. Center for Robotics and Advanced Automation. 
School of Engineering and Computer Science, 
Oakland University, Rochester, MI 48063. 

Technical papers are requested which reflect both 
advances and applications in all aspects of intelligent 
systems and machines. Suggested topics include: in- 
telligent robots, machine intelligence, adaptive con- 
trol and estimation, visual perception, artificial in- 
telligence for engineering design, intelligent simula- 
tion tools, computer-integrated manufacturing 
systems, knowledge representation, expert systems, 
game theory and military strategy, interpretation of 
multisensor information, and automatic programming. 
Authors are requested to submit a 300- to 500-word 
abstract by 1 December 1984. 




NEW!: Just Released IFREE 


Over 1350 New Small Drive Components 
— 768 pages — includes over 24,000 
off-the-shelf inch and metric Belt and 


v:->V 



Chain drives, gears . . 


plus speed reducers, 
shafts, motors, couplings, 
universal joints, flexible 
shafts, special 
purpose fasteners, 
vibration mounts 
and unique compon 
ents such as 
constant 
springs. Includes 
pages of new mini 
high torque timii 
belts and 
To get 

copy of SDP 
Catalog 757, 


just check the Reader Ser- 
vice Number below or call 
516-328-3300/328-0200. 

Stock Drive 
Products 

Division of Designatronics, Inc. 

55 South Denton Ave., 

New Hyde Park, New York 11040 
Tel: (516) 328-3300/328-0200 
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ROBOT REPORT. How fast will the personal robot 
industry grow? One hundred percent per year between 
1983 and 1990. at which point it will constitute a $2.2 
billion industry. This figure is taken from The Robot 
Report, a comprehensive, five-volume analysis of key 
marketing and technical issues in the personal robot 
industry conducted by Future Computing, Inc. Ac- 
cording to David Wilson, Senior Analyst for Future 
Computing and author of the five-volume report, the 
personal robot industry today is much like the per- 
sonal computer industry was ten years ago. Its in its 
infancy, and most people building personal robots are 
experimenters who don’t really know the full range 
of capabilities and applications or the market possi- 
bilities for their inventions. 

According to Wilson, the Robot Report takes a 
hands-on approach to engineering and design prob- 
lems and addresses the marketing and distribution 
issues that companies will have to face in order to 
take advantage of the opportunities in the personal 
robot industry. 

Volume 1 is devoted to marketing and distribution 
strategies. It analyzes 187 firms currently manufac- 
turing personal robots, giving statistics such as size, 
sales trends, marketing organization, and engineer- 
ing capabilities of each company. Volumes 2 through 


4 discuss technological issues. Volume 2 details ma- 
jor robot subsystems and functions, including hands, 
arms, vision, voice synthesis, speech recognition, base 
units, and power supplies. Volume 3 emphasizes de- 
sign and engineering problems and solutions perti- 
nent to technological developments. Volume 4 
analyzes a personal robot built by Future Computing 
in 1984. It explains general specifications and design 
criteria. The last volume of the Robot Report is an 
annotated bibliography covering significant books and 
papers applicable to the design of a personal robot. 

The Robot Report is priced at $6,000 and is 
available from Future Computing, a unit of the 
McGraw-Hill Information Services Co., 8111 LBJ 
Freeway, Dallas, TX 75251. 

RB REORGANIZES. RB Robot Corp. has filed its 
plan of reorganization, including provisions to satisfy 
creditors. President Joseph Bosworth announced the 
company’s intention to merge with Actronix Corp of 
Dallas, Texas. The merger plan will be presented to 
RB Robot shareholders for approval. This decision 
negated a June 25 announcement that RB Robot had 
reached an agreement with Robotics International 
Corp. of Jackson, Michigan to form a limited part- 
nership for the development and marketing of an 


obstacle-avoidance sensor system for personal robots. 
Under the reorganization, however, Robotics Inter- 
national will be granted minority ownership in the 
RB Robot/Actronix merged entity. 

Actronix, a privately owned company incorporated 
in March 1983, has developed prototypes of two per- 
sonal robots— the Actron Bear, an upright device with 
a 300-pound lifting capacity, and the Actron Wolf, 
a low-profile mobile security device. 

HIGH-TECH CLOTHING. TechStyle, Inc. (the 
name is much more significant once you say it out 
loud) is marketing a machine designed to automatical- 
ly sew pockets on trousers. If this doesn’t sound like 
a major technological breakthrough, consider that 
this is the first time pockets have been sewn without 
skilled human intervention. The machine picks up 
facings that are the parts of the pocket structure, 
assembles them, registers them, and then sews them 
into proper position with sewbots. The company is 
also working on building a low-cost vision system to 
be used with a dedicated computer as part of a multi- 
purpose apparel work station. 

The ultimate goal is to create a totally automated 
apparel machine that could sew anything from mens 
suits to tents. The hope is that this type of machine 



COMPUTER 
CONTROLLED 
ROBOTICS 

1. DRIVER BOARD 5005 DB $75 * 

4.5" x 3.8” xO.5", TTl/CMOS COMPATIBLE. 

OPTICALLY INSOLATED, FOR 4 PHASE MOTORS 2AMPS/50 VOLTS 

ZLINEAR ACTUATOR 601 AM $ 75 

12V/12W, 16 OZ. .OOl" STEP SIZE 
_ 19 LBS HOLDING FORCE. 3 IN TRAVEL 

3 . LINEAR ACTUATOR 501AM $43 

12V/3.5W, 1.5 OZ, .002" STEP SIZE 
40 OZ HOLDING FORCE, 1.88 IN TRAVEL 

4 . STEPPER MOTOR 201 SM $ 16 

5V/2W, 1.0 OZ, 15° STEP SIZE 
0.8 OZ/IN HOLDING TORQUE 

5. STEPPER MOTOR 301 SM $ 59 

12V, 21.5 OZ, 1.8° STEP SIZE 
80 OZ/IN HOLDING TORQUE 

6 . MOTOR MOUNT FOR 301 SM $25 
7 MOTOR MOUNT FOR 501 AM $ 12 

8 . MOTOR MOUNT FOR 501 AM $ 13 
* EDGE CONNECTOR $ 3.50 

H^AMSIcorr” 

mdA BOX 651, SMITHTOWN, LI., N.Y. 11787_ 

TERMS Check. Money Order. C.O.D. VISA or MasterCard j| 

Purchase Orders from Accredited Institutions 
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will help the American garment industry compete with 
foreign manufacturers. 

SEATTLE ROBOTICS SOCIETY. The Seattle 
Robotics Society meets the last Thursday of each 
month. Its most recent newsletter describes a varie- 
ty of member’s machines. From the descriptions, the 
members seem to be actively creating their own robot 
systems. For more information, contact: Seattle 
Robotics Society, do United Products, Inc., 1123 
Valley St., Seattle, WA 98109. 

Al 1C DESIGN. Gould, Inc. has been awarded a 
contract by the U.S. Army Electronic Devices 
Technology Laboratory, ERADCOM, for the develop- 
ment of an expert system as part of the U.S. Army’s 
ongoing program to apply modern integrated-circuit 
technology to new systems and established Army 
equipment. A primary project task is to develop design 
tools and methods to aid in the redesign of electronic 
systems now becoming obsolete. 

To do this, the specifications of the obsolete system 
must be captured in technology-independent terms. 
This requires software methods to translate the system 
specifications into current IC technologies. This 
method allows new technology to be introduced in- 
to existing systems in a more efficient manner and 
eliminates the need to use obsolete technology or 
completely discard systems. 

REMCON UPDATE. In September, Robotics Age 
published a review of the Remcon Teach Robot. At 
that time, distribution was to start in mid-September. 
As of this writing (mid-October), Remcon has decided 
to redesign some of the electronics boards. This 
redesign has delayed the Teach Robot introduction 
into the United States. 

Some people have called us to say that they have 
had difficulties reaching Remcon Electronics at its 
Nashville number, (615) 361-3936. This is the number 
of a small, local operation, which is still active, 
although someone is not always there to answer calls. 
For more information, send a written request for prod- 
uct literature to Remcon Electronics, Ltd., PO Box 
148258, Nashville, TN 37214. 

PATENT INFORMATION. Keeping up to date 
with pertinent information often means wading 
through reams of irrelevant papers. Optosonic Press 
has created a series of U.S. Patent reports that 
eliminate the trouble and expense of searching 
through the patent database. Their Patent Technology 
Portfolios cover topics from liquid crystal display 
devices to bar code technology and applications and 
magnetic bubble domain devices. 

Particularly interesting is the portfolio titled In- 
dustrial and Personal Robotics. This portfolio con- 
tains 193 patents issued between 1977 and 1982. 
Selected topics include manipulators, universal joints, 
wrist construction, driverless vehicles, vision, speech 
synthesis, and control systems. More information 
about the Patent Technology Portfolios can be ob- 
tained from Optosonic Press. PO Box 883, Ansonia 
Station, New York, NY 10023. 


TOTAL CONTROL'- 

FORTH: FOR Z-80®, 8086, 68000, and IBM- PC 

Complies with the New 83-Standard 

GRAPHICS* GAMES • COMMUNICATIONS • ROBOTICS 
DATA ACQUISITION . PROCESS CONTROL 


• FORTH programs are instantly 
portable across the four most popular 
microprocessors. 

• FORTH is interactive and conver- 
sational, but 20 times faster than 
BASIC. 

• FORTH programs are highly struc- 
tured, modular, easy to maintain. 

• FORTH affords direct control over 
all interrupts, memory locations, and 
i/o ports. 

• FORTH allows full access to DOS 
files and functions. 

• FORTH application programs can 
be compiled into turnkey COM files 
and distributed with no license fee. 

• FORTH Cross Compilers are 
available for ROM’ed or disk based ap- 
plications on most microprocessors. 


FORTH Application Development Systems 

include interpreter /compiler with virtual memory 
management and multi-tasking, assembler, full 
screen editor, decompiler, utilities and 200 page 
manual. Standard random access files used for 
screen storage, extensions provided for access to 
all operating system functions. 

Z-80 FORTH for CP/M® 2.2 or MP/M II, $100.00; 
8080 FORTH for CP/M 2.2 or MP/M II, $100,00; 
8086 FORTH for CP/M-86 or MS-DOS, $100.00; 
PC/FORTH for PC-DOS, CP/M-86, or CCPM, 
$100.00; 68000 FORTH for CP/M-68K, $250.00. 

FORTH + Systems are 32 bit implementations 
that allow creation of programs as large as 1 
megabyte. The entire memory address space of 
the 68000 or 8086/88 is supported directly. 

PC FORTH $250.00 

8086 FORTH + for CP/M-86 or MS-DOS $250.00 

68000 FORTH for CP/M-68K $400.00 

Extension Packages available include: soft- 
ware floating point, cross compilers, INTEL 

8087 support, AMD 951 1 support, advanced col- 
or graphics, custom character sets, symbolic 
debugger, telecommunications, cross reference 
utility, B-tree file manager. Write for brochure. 


Trademarks: IBM. International Business Machines 
Corp.; CP/M, Digital Research Inc.; PC/Forth + and 
PC/GEN, Laboratory Microsystems, Inc. 



Laboratory Microsystems Incorporated 

Post Office Box 10430, Marina del Rey, CA 90295 
Phone credit card orders to (213) 306-7412 


Let your Apple Computer transform 
electrical energy to kinetic energy! 



with KELP,™ 

The Kinetic Helper 

interface card for the 
Apple ][, ][+, //e 
computers. 


The KELP™ interface card is 
specially designed to interface 
with MILTON BRADLEY’S RO- 
BOTIX robot construction set. The 
combination of Apple computer 
intelligence, KELP™ interface card 
& software, and ROBOTIX robot 
parts form a great way to investi- 
gate the principles of robotics and 
artificial intelligence! 


E Shipping & handling $5.00 

Maine residents add 5% sales tax. 


E2 


Apple is a registered trademark of Apple Computer. Inc. 
Robotix is a registered trademark of the 
Milton Bradley Company. 


The KELP™ interface card comes 
with software, documentation, 
and a Milton Bradley 
ROBOTIX 2000 kit for $129.95 

The KELP™ card with software and 
documentation $89.95 

Crabapple Systems™ 

118 Commercial Street 
Portland, Maine 04101 
207-772-8610 
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MOTION CONTROL 
FOR AUTOMATION AM) 

ROBOTICS 


Jacob Tal 
Wayne Baron 
Galil Motion Control 
I9I6-C Old Middlefield Way 
Mountain View, CA 94043 


An essential part of any automation or 
robotics system is the motion control ele- 
ment. This is the part that performs the 
actual motions in accordance with the 
desired commands. 

There are two common motion control 
methods: open-loop control by step motors 
and closed-loop control by DC motors. 
Step motor control does not require any 
position-sensing devices, and therefore, 
results in lower system cost. However, step 
motors have several disadvantages which 
limit their performance. 

The main disadvantage of step motors 
is their resonances. Step motors have a 
low-frequency resonance mode which 
results in an underdamped response. Step 
motors also have some mid-frequency 
resonances which may cause loss of syn- 
chronization at certain speeds. These 
disadvantages are compounded by the use 
of open-loop systems that do not observe 
the motor position and therefore cannot 
determine if synchronization has been lost. 
These disadvantages severely limit step 
motor motion control system performance. 

An alternative approach is closed-loop 
control of DC and brushless motors. Such 
a control system utilizes a position sensor 
for feedback and uses the feedback to 
close the control loop around the motor. 
Closed-loop control systems require a con- 
troller that observes the motor position, 
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closes the loop, and maintains loop stabili- 
ty. These functions can best be performed 
by a microprocessor. 

In order to describe the state of the art 
of motion control systems, we start with a 
review of the design approaches. 


DESIGN APPROACHES 

The early motion control systems were 
based on analog circuitry. The elements of 
a basic analog control system are shown 
in Figure 1. In order to stabilize those 
systems, it was necessary to include velocity 
feedback, a continuous compensation net- 
work, or both. The availability of micro- 
processors enabled designers to use the 
microprocessor to close the position loop 
digitally. 


Recently, a growing number of systems 
have incorporated digital control into their 
design; for example, the microprocessor is 
used to monitor the motor position and is 
also used to calculate the compensation 
values indicated by the feedback. Such a 
system is shown in Figure 2. Since 
microprocessor-based systems are very 
stable, there is no need for velocity feed- 
back nor for an analog compensation 
system. 


SYSTEM OPERATION 

A digital motion control system can be 
represented by the block diagram shown 
in Figure 3. The host computer first deter- 
mines where its motor is to be moved. It 
then sends the instructions to the micro- 


DIGITAL 

COMPENSATION AMPLIFIER 


COMPENSATION AMPLIFIER 



Figure 1. Diagram for analog position control system. 



Figure 2. Diagram for digital position control system. 



Figure 3. Digital motion control system elements. 


processor controller. The controller also 
monitors the position feedback to deter- 
mine the position error. The microproces- 
sor controller determines the instruction 
to be sent to the motor based on the ac- 
tual instruction from the host computer 
and the position error that has been 
detected. The microprocessor controller 
then transmits the appropriate command 
to the motor. This command is first sent 
to the D/A converter where it is converted 
from the digital form to an analog form. 
The analog command is then applied to 
the amplifier that drives the motor. 

The motor position is fed back to the 
microprocessor controller by a position 
sensor. The most common position sen- 
sor is an incremental encoder that 
generates N encoder pulses per motor 
revolution. In order to sense the direction 
of motion, an incremental encoder is often 
used with two channels in quadrature. The 
output encoder signals are shown in Figure 
4. Since every encoder cycle can be fur- 


CH. A 


CH - B I I I 

► POSITION 

Figure 4. Output signals from incremental encoder. 


ther divided into four intervals, the effec- 
tive resolution of the encoder is 4N 
quadrature counts per revolution. 

The output from this incremental en- 
coder is then applied to the position 
decoder which counts the encoder pulses 
and acts as a buffer between the encoder 
and the microprocessor. 


SYSTEM MODELING 


Figure 5 represents a functional block 
diagram of the mathematical model for a 
digital motion control system. The motor 
transfer function is represented by M(s). 
This is the transfer function between the 
input voltage and the output position. A 
commonly used model is represented by: 


M (s) = 


1/K t 

s(sT m + 1) 


r rad 
[ volt 


] ( 1 ) 


Where K t is the torque constant and T m 
is the motor’s mechanical time constant 
which is given by: 


Tm — R2 t sec ] (2) 

r is the motor armature resistance and 
J is the combined moment of inertia for 
the motor and load. The amplifier is 
modeled as a gain, K a , and the D/A con- 
verter is represented by a gain, K d . The 


effective gain of an n-bit D/A converter with 
an output voltage of +V S is: 


K d 


r VOlt 

2 n 1 count 


(3) 


The encoder is also represented as a 
constant gain, K p . Since the encoder 
generates 4N counts per revolution, its ef- 
fective gain is: 


4N rcount, 
2 71 1 rad J 


(4) 


The desired position generator 
calculates a sequence of positions, R, that 
correspond to a desired profile. The con- 
troller compares the desired position, R , 
with the position feedback, C, to form the 
position error. 


X = R-C (5) 

The position error signal is processed 
by a digital filter, D(z), to form the motor 
command, Y. This is performed periodical- 
ly with a sampling period, T. 

D « - s ® 

A common form of digital filter is a lead 
compensation. Such a filter has the trans- 
fer function: 

D (*) = c fE§ (7) 

This digital filter is equivalent to a con- 
tinuous filter with the transfer function: 

G (s) = K f+F (8) 

The equivalence between the two trans- 
fer functions is: 


A = e~ aT 

(9a) 

B = e-w 

(9b) 


digital 

FILTER DAC AMP MOTOR 



Figure 5. Mathematical model of the digital motion control system. 


C l-B “ K b (9c) 

These mathematical definitions allow us 
to describe the system by a continuous 
model. This model is the basis for the 
following system analysis and design. 


SYS TEM DE SIGN 

Consider a position control system with the 
parameters given in Thble 1. The design 
objectives may be expressed in terms of two 
parameters: the crossover frequency, co c , 
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and the phase margin, 0 m . The crossover 
frequency is the frequency at which the 
open-loop gain equals one. This frequen- 
cy is approximately equal to. the final 
system bandwidth. 

The phase margin 0 m determines the 
degree of stability and is commonly 
selected between 30° and 45° to produce 
a stable response without excessive 
overshoot. 

For the design example given in T^ble 
1, we require a crossover frequency of: 

cx) c = 125 rad/s (10) 

and a phase margin of: 

0 m = 45° (11) 

We start the design with the system 
model shown in Figure 6. All of the con- 
tinuous elements of the system are com- 
bined into one function, H(s): 

H (s) = i(OS+l) (12) 


Since the objective is to have a phase 
margin of 45°, we must produce a phase 
lead of: 

*2 = 43° (15) 

Such a phase lead can be achieved by 
a lead compensation. The design pro- 
cedure for such a compensation can be 
found in the books Motion Control by 
Microprocessors and Control Systems 
Design . 

In order to achieve the required phase 
lead of 43? the pole-zero ratio (assume a 
and b respectively denote the frequencies 
of the pole and the zero) needs to be 
approximately: 

y = -r = 6.25 (16) 

a 

For the most effective placement of the 
pole and zero, select a and b such that: 

o) c = N/ab" (17) 


The phase shift of H(s) at the crossover 
frequency is: 


Since the crossover frequency is co c 
125, the resulting pole and zero are: 


4>i = arg [H(jo) c )] (13) 


Here: 


a = 50 
b = 312 


(18) 


1 _ r 1/^U 

- ar £ Iji25(j0.2x 125 + 1) J ' 

(14) 

-90° -tan- 1 (25)= -178° 


and the compensation is: 


G (s) = K 


s+50 

s+312 


(19) 


TABLE 1 


Parameter 

Value 

Definition 

K, = 0.706 

Nm/A 

Motor torque constant 

r = 1.4 

Q 

Motor resistance 

L = 0 

H 

Motor inductance 

K a = 5 

V/V 

Amplifier gain 

v s =±io 

V 

D/A converter output voltage 

n = 8 

Bits 

Number of bits of D/A conversion 

N = 500 

Counts/revolution 

Encoder resolution 


FILTER D/A K a MOTOR 



Figure 6. Specific system elements of the example digital motion control system. 
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To find the compensation gain, note that 
the open-loop transfer function is G(s)H(s). 
The compensation gain is selected such 
that the open-loop transfer function equals 
1 at the crossover frequency. 

| G (jeoc) H (jco c )| = (20) 

i ^ jl25+50 1740 , , 

1 * jl25+312 jl25(j0.2x 125 + 1) 1 ~ 1 

This results in: 


K=4.5 (21) 


and therefore: 


G (s) = 4.5 


s+50 

s+312 


( 22 ) 


The function, G(s), is actually im- 
plemented by the digital filter, D(z). Accord- 
ing to the equivalence specified by equa- 
tion 9, and assuming a sampling period of 
T= 0.001 seconds, the coefficients of the 
digital filter are: 

A = e -° 05 = 0.95 

B = e-o-3i2 = o.73 (23) 

C = 4.0 

Therefore, the equivalent digital filter is: 

D(z)= 4.0 (24) 


The design procedure described above 
is very effective, and often produces low- 
cost high-performance motion control 
systems. 

Although most digital motion control 
systems are designed for a specific applica- 
tion, designers often find it convenient to 
use general-purpose controllers which per- 
form DC motor position control. 

The digital control functions described 
in the preceding sections are available in 
the form of general-purpose controllers. 
The main advantage of general-purpose 
controllers is that they provide a complete 
design within days. General-purpose con- 
trollers are also the most economical solu- 
tion when the number of required systems 
is moderate. 

A typical general-purpose controller is 
the DMC-100 shown in Photo 1. This con- 
troller performs the digital control func- 
tions and allows you to vary the coefficients 
of the digital filter to tune the system for 
specific motor and load parameters. It can 
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Photo 1. The DMC 100 Motion Controller. This controller closes the position loop, performs the digital 
filtering for stability, and controls the motion, distance, speed, and acceleration rates. 


also generate a motion of specified dis- 
tance with programmable acceleration and 
speed rates. This allows the designer to 
complete the motion control system design 
within hours. 

High volume users may prefer to use IC- 
level controllers. Such a control system is 
available in the form of a chip set from 
Galil Motion Control. The chip set includes 
two ICs which perform the same control 
functions as the DMC 100 Controllers and 
can be integrated into the designer’s cir- 
cuits. The chip set (MCC 3000) is shown 
in Photo 2. 



Photo 2. This chip set (MCC 3000) controls a DC 
motor and can be integrated into the designer circuit. 


FU TURE TR ENDS 

Digital control systems of the type de- 
scribed here are becoming very common. 
The digital approach simplifies system 
design and improves system performance 
while reducing the cost. This digital con- 
trol approach is expected to be used in 
most systems within the next five years. 


Future digital control system designs will 
benefit more and more from the micropro- 
cessor’s ability to perform advanced con- 
trol algorithms. Such control algorithms in- 
clude feedforward control which reduces 
the following error and cuts down the mo- 
tion time. 

The controllers with adaptive control are 
more advanced. Such controllers con- 
tinuously estimate the system parameters 
and adjust the control parameters accord- 
ingly. Finally, a direct result of the 
parameter estimation is the fault detection 
capability. Future control systems will 
monitor the system parameters and report 
to the host computer when any system 
parameter exceeds the allowable range. 
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MAX 

The Solution For 
Motion Control 

The MAX series of multiple axis stepper 
motor controllers gives you a flexible, 
modular system for driving motors in 
your OEM, scientific, and industrial 
applications. 

SMART. Because each axis has an 
AMS microprocessor based driver card 
that provides you with: 

□ over 30 unique instructions 

□ 2Vi amp/phase drivers 

□ non volatile storage 

□ limit switch inputs 

□ optical isolation 

□ auto accel/decel ramp 

□ home routines 

□ much more 

STD BASED FOR FLEXIBILITY. 

8 slot STD cage permits customization 
with readily available cards for your 
OEM applications. The built-in serial 
and auxiliary ports are available to your 
host. Drive power may be increased in 
5 amp increments with expansion cards. 

TALK SERIAL. Use a PO as a host for 
issuing any of the many built-in com- 
mands. Daisy-chaining allows multiple 
axis of motion thru a single pair of wires. 

SELF CONTAINED. Program each 
axis with your routines, save the se- 
quence in the NV memory for execution 
at power up, or strobe one of the ports 
as a go command. The MAX comes 
complete with 2 to 4 axis of drives, 
ballast resistors and power supplies. 
Simply connect your terminal/pc, 
motors and run it! 

APPLICATIONS 

□ Robotics 

□ x, y, z positioning tables 

□ instrumentation 

□ test equipment 



Advanced Micro Systems, Inc. 

Nine Executive Drive 
Hudson, NH 03051 (603) 882-1447 
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A LISP-BASED 
ROBOT CONTROL SYSTEM 

Part II: Location and Object References 


Doug Snead and John Roach 
Department of Computer Science 
Virginia Polytechnic Institute 
Blacksburg, VA 24061 


The simple robot control commands described in Part I pro- 
vide very rudimentary robot arm control. A number of useful 
system additions come to mind. It would be nice to have some 
sort of a global list of places so that once a place is defined, 
you can simply refer to it by name and the associated joint vec- 
tor is automatically retrieved. One way of doing this is to make 
an association list (or a-list for short). This a-list has a joint vec- 
tor associated with a unique name. A typical place a-list might 
look like this: 



Photo 2. The Lisp commands described in this article can be used to move 
objects around with a robot arm. The robot commands allow you to reference 
objects and locations by name. 


( (a (10 -100 1040 236 923 40)) 

(overa (10 200 700 236 923 40)) 

(b (500 200 300 900 800 50)) ) 

An a-list always has this general form. The first element is 
called the name or key. The rest of the elements are the data 
associated with the key. A special function called assoc (defined 
later) is used to retrieve a joint vector given its name. 

Since we want the places to be accessible by all routines, we 
will make the a-list be the value of the global variable ^places. 
We will also need functions to add new places and retrieve joint 
vectors for defined places. To define a place, the program re- 
quires you to manually set each arm joint using setarm and then 
requests a unique name to associate with that arm position. 

(defun def place () 

(prog (aplace name) 

(msg '(enter a name for the place)) 

(setq name (read)) 

(msg '(position the arm)) 

(setq aplace (setarm)) ^position arm 

(setq ^places 

(cons (list name aplace) 

^places)))) 

The function defplace prompts for a place name and then asks 
you to position the arm where you want it. The name and joint 
vector (place) are combined and added to the list of places in 
^places. Note that the value of #here must be changed since the 
changes and position must be remembered once you move the 
arm. 

Now that you can add new places to ^places, you need some 
way to retrieve them. The function (place r x) returns the joint 
vector associated with x. If no such place exists, the function 
should report an error. 

(defun place (placename) 

(prog (jointvec) 

(cond ((setq jointvec 

(car (cdr (assoc placenames 
^places)))) 

(return jointvec)) 

(t (error placename 'is 'not 'a 
'place))))) 
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Using an a-list simplifies the implementation since we can use 
a built-in Lisp function called assoc to search the a-list and 
return the associated information. With this method of stored 
vectors, you call the vectors by name using a command such 
as (goarm (place ’X)). As this is a little cumbersome, and you 
will use this command frequently, it is probably more convenient 
to imbed the place-to-vector conversion in other functions so 
that the above command could be written as (goplace ’X). An 
example showing this type of arrangement is shown below. 

(defun goplace (aplace) 

(goarm (place aplace))) 


OBJECT DESC R IPTION 

The place data type allows you to refer to places by name, but 
what if you want to have movable objects? How can objects be 
represented? Since a vision system is not available to provide 
object position descriptions, they must be represented by stored 
information. An object's name can be associated with the joint 
vector the arm must have in order to grip the object in a man- 
ner similar to the techniques used to implement ^places. Thus, 
the starting point of such a scheme requires you to manually 
position the arm (and gripper) so that the object is gripped. Once 
an object's name and position are obtained, the position infor- 
mation must be updated whenever the object is moved. 

The robot control system uses two additional global variables 
(^objects and ^holding) to implement this feature. The global 
variable ^objects contains an a-list of object names and their 
associated joint vectors. The global variable ^holding is a flag 
indicating one of several different possible conditions for the 
concept of a gripper holding an object. 

In the simplest case, the gripper is empty so we could let the 
value of ^holding be nil. For the MiniMover-5™ the one bit of 
feedback indicates when the gripper is grasping an object (within 
a certain tolerance) and that ^holding should be non-nil. If the 
gripper is holding an object, we could let the value of holding 
be the name of the object. This approach requires each object 
to have a unique name before it can be used. 

At this point we must deal with a difficult robot problem: ob- 
ject collision avoidance. Look at some of the things that must 
happen prior to the hand actually grasping the object. The arm 
can never move directly to the object's position; the gripper will 
probably knock the object over as it approaches. Instead, we 
need to define some approach to the object that will be unlikely 
to disturb other objects or knock over the desired one. The ques- 
tion is, how can this approach be determined given only the posi- 
tion of the arm and gripper when grasping the object? If the 
robot system had the capability to generate joint vectors from 
XYZ coordinates, then we could find an intermediate point 
somewhere above the object and move the arm to that point 
first. For example, if you had a chesspiece at XYZ location (100, 
20, 8), you would first move the arm to location (100,20,40) and 
then to (100,20,8). This way the arm would not disturb the other 
pieces on the chessboard. 

Since the present system does not support XYZ coordinates, 
we must find some other method of insuring a clear route. Several 
simplistic solutions are available. You may want to develop your 
own algorithms that include more complex path control 
computations. 


The required computations can be simplified by restricting 
the environment to flat surfaces with objects that can be set down 
without having them roll away. One way to find a clear approach 
path in this situation is to have the user specify a clear approach. 
This path must be taken already since the user must move the 
gripper onto the object when its position is defined. Why not 
save the approach that is used? 

At this point, we can tell what the a-list ^objects should look 
like. ^Objects is defined as a list of object names associated with 
a list of two joint vectors: one for the object's location and the 
other for the approach path (some arm position above the ob- 
ject). As an example, suppose you had two objects blockl and 
screws, then the value of ^objects might be: 

((blockl ((458 452 454 865 654 52) (458 552 484 865 654 252))) 
(screw5 ((258 753 951 842 268 25) 

(258 853 951 842 268 225)))) 

The robot control program requests three things when defin- 
ing a new object: it needs to know the object's name, it needs 
to have the arm positioned at the approach path, it needs to 
have the arm positioned gripping the object. A function that 
does this and places the information in the ^objects a-list is 
defobject. 


(defun defobject () 

(prog (objectname over on) 

(msg ’(enter a name for the object)) 

(setq objectname (read)) ;user enters name 

(msg ’(position the arm above the 
object)) 



most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 
rate on the fly, read 
position on the 
fly, and 
much 
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Micromint will put both a computer 
development system and an OEM dedicated 
controller in the palm of your 
hand for as little as $105* 



quantities of 100 


Z8 CROSS ASSEMBLERS 
FROM ALLEN ASHLEY 
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Z8 BASIC SYSTEM CONTROLLER 

(BCC11). . $149 

NEW Z8 FORTH SYSTEM 
CONTROLLER (BCC21). . $280 
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Z8 EPROM Programmer . . (BCC07) . . 

Z8 Serial Expansion Board . (BCC08) . . 

Z8 BASIC A to 0 Converter (BCC13) . . 
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(BCC15) . . 
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Call Toll Free 
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For Information Call: 
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High Quality Small Mechanical Parts & Components 


INSIDE STUFF 

for Robotics 

...low melting alloys, gears, thread- 
ed rod, machine screws, bearings, 
ball joints, balls, drills, pulleys, flat 
springs, wire cloth, high helix screw, 
flexible shafting, tools, s/s tubing . . . 

Send for our FREE CATALOG 
complete with specs and prices. 

SMALL PARTS INC. 
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(setq over (setarra)) 

(msg '(grasp the object)) 

(setq on (setarm)) 

(cond ((eq (grip) 'empty) (setq on 

(closearm)))) 

(setq ^objects 
(cons (list objectname 
(list on over)) 

^objects)) 

(goarm (open over 150)))) 

The function closearm closes the claw until grip indicates 
something is gripped, returning the current arm joint position 
vector *here. 

(defun closearm () 

(progn 

pollclaw: 

(cond ((eq (grip) 'holding) *here) 

(t (goarm (addvec *here '(0 0 0 0 0 -10))) 

(go pollclaw:))))) 

The defobject function defines objects if you can always 
manually describe an approach route. But what if you only know 
the object’s position and don’t want to manually define a place 
over it? Given our simplifying assumptions about the environ- 
ment, another way might be to move the shoulder joint to lift 
the arm out of the way. The function (over X) computes the joint 
vector for some place over position X by adding a constant to 
the shoulder and elbow joints of position X. 

(defun over (x) 

(addvec x 

‘(0 -300 300 0 0 0))) ;add to first joint 

Now, an approach can be generated even if you only know 
the object position. At this point we can write a grasp function 
that only needs the object name to determine how to pick up 
the object. When you want to pick up an object, you simply need 
to say something like (grasp *box7) and the arm will move to 
above box7, open the gripper, descend to box7, and close the grip- 
per. Once the object is grasped, the variable ^holding contains 
the object’s name. Function grasp should always check the value 
of ^holding before taking any action. This will prevent a program 
from attempting to pick up an object when another object is 
already being held. The grasp function can be defined as follows: 

(defun grasp (obj) 

(prog (onover onobj overobj) 

(cond (^holding 
(error '(grasp fails) 'holding 
^holding) ) ) 

(setq onover (getapproach obj)) 

(setq onobj (car onover)) 

(setq overobj (car (cdr onover))) 

(goarm (open overobj 150)) 

(goarm (open onobj 150)) 

(goarm onobj) 

(cond ((eq (grip) 'empty) 

(error '(grasp fails) obj 'not 
'there))) 

(setq ^holding obj) )) 


;obj in gripper 


; update ^holding 


; define approach 
; grasp object 

;add to ^objects 
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Circle 5 


Function grasp uses the function getapproach to set onobj (the 
objects position) and overob j (somewhere over onobj ) from the 
information stored in ^objects. If no overob j position is found, 
then the function (over onobj) is used to generate one. 

(defun getapproach (object) (jointvecs) 

(setq jointvecs 

(car (cdr (assoc object ^objects)))) 

(cond ((null jointvecs) 

(error ’undefined ’object object)) 

((null (car (cdr jointvecs))) 

(return (list (car jointvecs) 

(over (car jointvecs))))) 

(t (return jointvecs))))) 

Function open is used to add a value 1 6 the gripper compo- 
nent of a joint vector. The function call (open jointvec x) returns 
a new joint vector, the same as jointvec except x is added to the 
sixth component. 

(defun open (jointvec x) 

(addvec jointvec (list 0 0 0 0 0 x))) 

(defun claw (place) 

(car (cdr (cdr (cdr (cdr (cdr 
place))))))) 

Now that you can grasp objects, you can also move them 
around. Moving objects from place to place requires that the 
gripper be continually clamped about the object. Function goarm 
must be modified to insure that the gripper is not opened when 
variable ^holding is non-nil. When ^holding is non-nil, the grip- 
per position should not be changed. 

(defun goarm (jointvec) 

(prog (here2) 

(cond 
(^holding 

(steparm (subvec (setq here2 
(open jointvec 
(sub (claw *here) 

(claw jointvec)))) 

*here) ) 

(setq *here here2) 

(cond ( (eq (grip) 'empty) 

(error ’(goarm reports object 
dropped))))) 

(t (cond ((eq (steparm 
(subvec jointvec *here)) t) 

(setq *here jointvec)) 

(t (error ’(steparm fails)))))) 

(return t))) 

Because a function is needed to update an object’s position 
when it is moved, we also need a function to remove an object 
and its associated information from the ^objects a-list. 

(defun remove-el (element a-list) 

(cond ((null a-list) nil) ; element not here 

((eq (car (car a-list)) 


; something in claw? 

; don’t change 
gripper position 

; check for object 


; return 6th compo- 
nent of joint 
vector 


;get obj info 

;no overob j 
;make one 


SPEECH SYNTHESIZER 


\ Bi£> Mouth 

LISTEN! Your HERO or other 
robot, or your computer could be talk- 
ing to you through the BIG MOUTH. 
The first affordable True Speech 
Synthesizer can be talked to through 
it’s parallel or serial printer port or be 
connected to your robot’s bus. 
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Robotics • Handicapped Aid 
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Will run on any computer 
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duration pitch, articulation amplitude... for all 64 phonemes. 

Can be programmed to make sound effects or sing! 


Complete 
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AstroTronics 

MICROSYSTEMS 
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Now Your 
Computer 
Can See! 
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MicronEye - 
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A total imaging system complete 
and ready for plug-and-go opera- 
tion with your personal computer. 

The MicronEye" offers select- 
able resolution modes of 256 x 128 
and 128 x 64 with operating speeds 
up to 1 5 FPS. An electronic shutter 
is easily controlled by software or 
manual functions, and the included sample programs allow you to con- 
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Only the MicronEye’" uses the revolutionary IS32 OpticRAM"* image 
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tone imaging through multiple scans. And with these features, the 
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The MicronEye’“ is available with immediate delivery for these com- 
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chines, Commodore Corp., and Tandy Corp. 
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‘(Add $10.00 for shipping and handling (Federal 
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IICRON 

(TECHNOLOGY, INC. 

j VISION SYSTEMS 
2805 East Columbia Road 
Boise, Idaho 83706 
! (208) 383-4106 
TWX 910-970-5973 
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computer you can get: 
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element) ; remove element 

(cdr a-list)) 

(t (cons (car a-list) 

(remove-el element ; repeat 

(cdr a-list)))))) 

Since function remove-el just returns a new copy of a-list, the 
following functions are required to permanently change ^objects 
or ^places. 

(defun remobject (object) 

(setq ^objects 

(remove-el object ^objects))) 


(defun remplace (place) 

(setq ^places 

(remove-el place ^places))) 

Now that you can move objects without dropping them, it 
would be useful to somehow release them. When you release 
an object you must remember both the place it was released 
and the place over the release point (the approach path). 

( de fun release () ; release object - 

(cond ((null ^holding) 

(error '(releasing fails-nothing 
held))) 

(t (remobject ^holding) ; clear old info 

(setq ^objects 
(cons (list ^holding 
(list #here 
(over *here) ) ) ) ) 

(setq ^holding nil) 

(goarm (open #here 150))))) 

The command to move an object to a particular place now 
appears relatively trivial. All of the complicated work is being 
done by the lower-level functions. Given a place p and an ob- 
ject o, the command (move o p) moves object o from its current 
position to position p. 


(defun move (obj aplace) 

(prog (placevec) 

(setq placevec (place aplace)) 
(grasp obj) 

(goarm (over *here)) 

(goarm (over placevec)) 

(goarm placevec) 

(release) 

(goarm (over placevec)))) 


;get object 
; lift object 
; above aplace 
; position object 
;now let go 
;lift arm 


This function is useful for moving pieces around board games 
such as checkers, monopoly, and chess. You would first need 
to define places for each possible move on the board and then 
define the gamepieces as objects. 


USING TWO ARMS 

It is often necessary to use more than one arm for a single task. 
The MiniMover-5 allows two arms to be connected in parallel 
through the Apple interface. Unfortunately, both arms cannot 
be moved at the same time. An arm can be selected with the 
BASIC command @arm n where n is either 1 or 2. If the @arm 
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command is never issued, then arm 1 is assumed. The arm selec- 
tion function in Lisp is quite similar. 

(defun selectarm (n) ;1 or 2 only 

(progn 

(prinl 1 @arm) 

(print n))) 

The function (selectarm n) allows you to select either arml 
or arm2. One small problem arises. Every time the (pr# *armslot) 
command is issued (as in robot-rep), the internal arm pointer 
(1 or 2) is initialized to 1. This problem can be remedied by 
redefining (robot-rep) and (msg) to issue the (selectarm #arm) 
command after every (pr# *armslot). 

(defun robot-rep () 

(prog (rcmmd rcval) 
loop: 

(print '(enter robot command)) 

(setq rcmmd (read)) 

(pr# *armslot) 

(selectarm *arm) 

(setq rcval (eval rcmmd)) 

(pr# 0) 

(print rcval) 

(cond ((eq rcval 'exit) 

(return 'robot-rep)) 

((eq rcval T init) (arminit))) 

(go loop:))) 

(defun msg fexpr (message) 

(progn 
(pr# 0) 

(print (eval (cons 'list message))) 

(pr# *armslot) 

(selectarm *arm))) 

(defun grip () ; modify grip to 

(cond ((> (port *arm *armslot 7) 128) 

'empty) ; include *arm 

(t 'holding))) 

These definition changes would work fine, since you could 
define places and objects for both arms, but a logical inconsisten- 
cy appears. Places and objects defined for one arm would have 
no real meaning for the other arm. In practice, you never want 
to use places defined for one arm with the other arm since each 
place is defined as a specific arm’s joint angles. A place defined 
for one arm but used by the other would just copy the first arm’s 
joint positions for that place. An object defined for one arm and 
used by the other would result in grasping at empty air. In addi- 
tion, since object and place names must be unique, the same 
name for a single object could not be used by both arms. 

One way out of this problem for two arms is to keep separate 
global arm variables for each arm. This means that we must have 
two copies of *here, ^places, ^objects, and ^holding. Every time 
control is switched from one arm to the other, the global variables 
are also switched. A global variable *arm is added to the system 
to remember which arm is current, 1 or 2. Since the arm number 


;get command 

;eval it 

; print return 
value 
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is initially 1, the function (robotsysinit) takes care of initializ- 
ing *arm. 

(defun robotsysinit () (seq #arm 1)) 

To avoid having to distinguish between arms in the functions 
defined so far, we can add the global variables #herel, *here2, 
*placesl, *places2, etc. The values of *here, ^places, ^objects, 
and ^holding is updated every time the arms are switched. The 
functions (arml) and (arm2) do this switching. 

(defun arml() ; switch to control 

arm 1 

(progn 

(cond ( (eq #arm 1) (error '(already 
arml)))) 

(setq *here2 *here) 

(setq *places2 ^places) 

(setq #objects2 ^objects) 

(setq *holding2 ^holding) 

(setq *arm 1) 

(setq #here *herel) 

(setq ^places #placesl) 

(setq ^objects #objectsl) 

(setq ^holding *holdingsl) 

(selectarm 1))) 

(defun arm2() ; switch to control 

arm 2 

(prop 

(cond ((eq *arm 2) (error '(already 
ann2)))) 


(setq *herel #here) 

(setq *placesl ^places) 

(setq #objectsl ^objects) 

(setq #holdingl ^holding) 

(setq *arm 2) 

(setq *here *here2) 

(setq ^places *places2) 

(setq ^objects *objects2) 

(setq ^holding *holdings2) 

(selectarm 2))) 

Now you can define objects and places for both arms and not 
worry about inadvertently redefining a place or object for the 
other arm. 


NEXT MO NTH 

The commands described in Parts I and II provide a useful, flex- 
ible robot control system. Next month, Part III describes some 
actual operating experiences with this control system. 

MiniMover-5 is a registered trademark of Microbot, Inc. Apple II is a registered 
trademark of Apple Computer Corp. 


Reader Feedback 

To rate this article, circle the appropriate number on the Reader Service card. 
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PULSE WIDTH MODULATED SERVO AMPLIFIER 
Model SD1525 chassis mount bi-directional DC Servo 
Amplifier contains many built-in protective circuits. Rated at 
±25 amps Peak ± 15 amps continuous at lOOvdc. 160vdc 
models available. Available in two, four, and six axis 
configurations. 


SERVO DYNAMICS CORP. 

19201 PARTHENIA ST. 

NORTHRIDGE, CA 91324 • (818) 993-1600 

Contact: Jim Manda or Bob Hanson 


MOVING? 

Please be sure to send us both your old address and your new 
one. You may attach your mailing label from the magazine cover, 
or print your name and address exactly as it appears on the mail- 
ing label. Allow eight weeks for processing. 
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State 
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Mail to: 
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A TOTALLY NEW 
GUIDE BOOK TO 
SENSOR AND 
TRANSDUCER 
TECHNOLOGIES 


T 'he 1984 Sensor and Transducer 
Directory is now available from 
the publishers of the monthly 
magazine, Sensors: The Journal of 
Machine Perception. This is the first 
edition of an annual directory to be 
published every January. It contains 
more than 300 listings of companies 
which make hundreds of components 
important to the engineer who must 
add sensors and real world interface 
components to microprocessor-based 
systems. 

You'll find information organized 
and indexed into two sections for fast 
answers to your sensor and trans- 
ducer technology questions. The first 
section is a complete master list of 
sensor and transducer manufacturers, 
corporate information and a company 
profile. Along with each company's 
listing there is a list of distributors 
and representatives by geographic 
location. 

In the second section, we've pro- 
vided a set of indices to the com- 


pany profiles by sensor type. You'll 
find information on who makes near- 
ly 100 different classes of sensors 
ranging from accelerometers to ther- 
mocouples, from gas pressure to 
humidity, from acidity to resistance. 

If a physical, chemical or biological 
quantity can be readily turned into 
an electronic signal that can be 
analyzed, you'll find a pointer to the 
manufacturer of such a sensor/trans- 
ducer product. For each type of sen- 
sor, you'll find an alphabetical listing 
of company names and page num- 
bers, giving you fast access to the 
suppliers of each type of sensor. 

If you've ever had a tough prob- 
lem finding out who makes what 
kind of sensor, The 1984 Sensor and 
Transducer Directory will be 
indispensable. 

Order yours today. 


ONLY $29.95 


□ Please send 

cooies of the 1984 Sensor and Transducer Directory at $29.95 (includes 

oostaee and handling costs! Total Enclosed $ 


□ Personal Check 

□ Money Order 

Overseas orders please add $8.00 for airmail postage 
□ MasterCard □ Visa 

12/84 RA 

Account No 


Expires 

Signature 

Name Please Print] 
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L 


Send to North American Technology 
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ROBOTIX 

Part I: Examining the Pieces 


Mark J. Robillard 
MJR Digital 
PO Box 630 
Townsend, MA 01469 
Source ID: TI785I 


T\vo years ago, I wrote a series of articles 
for Robotics Age that described the 
building of several hand, arm, and mobile 
robot systems. The final article in the series 
presented a review of a revolutionary prod- 
uct in the field of hobby robotics. This 
product, the Armatron™ (then by Tomy 
Toys, most recently available through Radio 
Shack stores), has become a standard 
among experimenters for low-cost arms. 
Since then, there have been many develop- 
ments in the industry. Heath Company in- 
troduced HERO lJ M RB Robot Corp. in- 
troduced the RB5 X, im and Androbot in- 
troduced a series of robots from Topo™ 
to BOB™ 

All these announcements would lead you 
to believe that the systems end of hobby 
robotics is becoming the norm. You pur- 
chase a complete kit or completely 
assembled robot. What about those of you 
who are just interested in building arms? 
Or maybe there are a few left who enjoy 
building the entire system? 

The other day, while walking through a 
local department store, I came upon a new 
product. There on the shelf was a package 
with a familiar sounding name— 
Robotix ™ Robotix is a Lego™-type 
building kit designed for children ages 7 
to 14. The product is available as two kits; 
Models R1000 and R2000. Although 
basically identical, the R2000 kit contains 
more parts and two more control motors. 

What can you build with a Milton 
Bradley Robotix kit? In less than two 
minutes, you can build an arm with the 
same functionality, yet a slightly stronger 
grip, as the Armatron arm. You can then 
break that arm down and make a four- 
wheeled vehicle with an arm that can rove 
around your house. You can also build two 
arms on a smaller vehicle. 
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Photo 1. The two. new Robotix series kits from Milton 
Bradley. 


Sounds tremendous doesn’t it? Well, you 
can’t do all this with just one kit. There 
are limitations. The limitations are in the 
number of motors and in the number of 
structural parts. 


_ PARTS 

Photo 2 shows the parts supplied in the 
smaller R1000 kit. Each R1000 kit con- 
tains two motors. This is a serious limita- 
tion and you will find that you’ll want to 
buy more than one kit. The retail price at 
my local department store for the R1000 
kit is $39.95. The R2000 kit is $59.95, 
which is substantially more, but you get two 
extra motors and a larger control box. 


The R1000 kit is designed for construct- 
ing mobile robots with self-contained bat- 
tery supplies. Photo 3 shows the R1000 
control box. This box contains two con- 
trol switches and space for four C-cell bat- 
teries. Four two-pronged connectors are on 
the front. These are electrical connections 
for powering the system motors. The box 
allows you to control two motors 
independently. 

The reason I say that this kit is meant 
for mobile robotics is that the battery box 
control switch assembly can be attached 
to the robot. A typical vechicle, such as the 
walking vehicle shown in Photo 4, has the 
battery/switch assembly mounted in the 
rear section of the assembly. (By the way, 
the small astronaut is included in the kit.) 
Let’s examine this vehicle piece by piece. 



Photo 3. The Robotix R1000 battery and switch con- 
trol box. 



Photo 2. A layout of parts provided in the Robotix 
R1000 kit. 


Structural Elements. The main structural 
element is a shaft-like assembly with many 
outlets, inlets, and fastening areas. Photo 
5 provides a close-up view of this piece. 
You can connect pieces to this structural 
member in many different ways. This par- 
ticular shaft assembly can become an axle, 
a support, or a structural member in an 
arm. Its made of rather thick styrene 
plastic and has an octagonal connection 
structure. 




Photo 4. The complete walking rover vehicle fully 
equipped with gripper mechanism. The battery and 
control box are mounted on the end of the vehicle. 



Photo 5. Main structural support member for the 
walking vechicle. 


This structure is detailed in Figure 1. 
This drawing is provided in case you wish 
to augment the kit parts with your own 
parts built of wood, plastic, or light metals. 
To connect the various assemblies within 
the Robotix kits, you need to know the 
details of this connection scheme. All the 
measurements shown in Figure 1 were 
taken with a pair of calipers so they should 
be accurate. However, some sanding may 
be necessary since I do not know how 
tightly tolerances are held on a consumer 
toy. 

Let’s look at some of the other structural 
pieces. Photo 6 shows a selection of Lr 
shaped pieces for comers, T-shaped pieces, 
and what I call in-line connectors that have 
two male ends. Other in-line connectors 
have a male and a female end. One par- 



Photo 6. Other structural support pieces provided 
in the R1000 and R2000 kits. 




Figure 1. Mechanical details of the octagonal connector element used throughout the Robotix series struc- 
tural pieces. All dimensions are in inches. 


ticularly interesting piece is called the 
centering jig which mounts on the back of 
a motor and provides the octagonal con- 
nection socket exactly centered on the 
motor. This is necessary for such things as 
grippers that must be centered on the end 
of an arm. Only one of these centering 
devices is provided with each kit. 

Hands and Legs. I’m sure anyone familiar 
with the Armatron gripper arrangement 
and the HERO I gripper device will join 
me in dismay at the gripping force (or lack 
of such) that they display. The Robotix 
gripper arrangement shown in Photo 7 is 
a two-fingered system consisting of two 
structural pieces of plastic. A special type 
of foam rubber is mounted on the end of 
each finger. This rubber end has the feel 
of human skin but the consistency of hard 
rubber. Although it does have some 
resilience, it has the feel of a no-slip 
surface. 

The gripper assembly is quite ingenious. 
The motor assembly design allows the grip- 
pers to be assembled in less than ten 



Photo 7. Close-up of the assembled gripper 
mechanism. Note the foam rubber pads at the finger 
tips. 


seconds. Figure 2 shows how the gripper 
is assembled. A pin arrangement used to 
pivot one side is built into the motor 
assembly. This greatly simplifies construc- 
tion. As you can see, just moving the three 
pieces together and pressing them down 
on the octagonal connector produces an 
instant gripper! 

The two-legged walker assembly is not 
quite as simple. This assembly might take 
you 30 seconds to put together and then 
might take even a few more seconds to 
make it work. The pieces are shown in 
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Figure 2. Assembly sequence detail for a Robotix 
series gripper. 


Photo 8 and detailed in Figure 3. In my 
experience, the legs move too slowly. I’ve 
had problems with one kit binding so 
much that it actually stopped the walker. 
Some further exprimentation in this area 
is warranted. I have not tried the legs in 
another kit to see if it was just one par- 
ticular kit that worked improperly. 



Power. I have yet to kill a set of batteries, 
even after many hours of use. This says 
much for the motors used in the kit. Photo 
9 shows a complete motor assembly. The 
little labels on the side indicate the motor 
number for control purposes. The motor 
assembly is a small black structure with 
multiple octagonal connector areas. One 
of those octagonal connectors is the ac- 
tual drive shaft. It only comes out on one 



Photo 8. Assembled walker structure. Foam rubber 
pads are also included for the bottoms of the feet. 



Photo 9. Close-up view of the Robotix series motor. 
The drive hub is shown in the upper left-hand cor- 
ner. The guide pin described in the text is located 
beneath the drive hub in the photo. 



Figure 3. Assembly drawing showing the various pieces and assembly sequence for Robotix leg structure. 
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side (shown facing up in Photo 6) and 
turns at 6 rpm. This is a 6 to 1 reduction 
from the internal motor speed. I am told 
that this small 3 V motor is so geared down 
that it is capable of generating a torque 
of 50 ounce-inches; quite substantial for 
a motor of this size. 

The motors with which I have ex- 
perimented draw approximately 70 mA 
under a no-load condition. Under a full 
load stall condition, they typically draw 
around 190 mA although some draw over 
200 mA. The electrical connection is a 
two-pronged plug similar to the one on the 
main control box. A simple cable is pro- 
vided to connect the motors to the con- 
troller. The motors are so light weight, they 
add very little to the weight of an assem- 
bled arm. 

Up to this point I have only talked about 
the R1000 series control box. Photo 10 
shows the R2000 series control box. The 
R2000 switch box contains no batteries. 
The batteries are in a separate, larger 
assembly. Because there are four motors 
in the R2000 series, Milton Bradley has 
decided to power these with D-cell 
batteries. 

The R2000 battery box (shown in Photo 
11) is a large assembly that can be used 
as a complete base for construction proj- 
ects. The five-position switch assembly 
shown in Photo 10 and the battery box in 
Photo 11 are connected with a three- 
conductor cable. Three wires are used 
since the 6 V inside the battery box is 
divided into a ±3 V supply with a com- 
mon line. 

Each of the five switches on the control 



Photo 10. The remote switch box provided in the 
Robotix R2000 kit. Also shown are the cables plugged 
into the control sockets. 



Photo 11. This large structure contains the four D- 
cell batteries for powering the R2000 kit. It can also 
be used as a base support for many structures. 


box provides either +3 V or -3 V to one 
leg of the motor. The other end of the 
motor is connected to a common ground. 
This arrangement is much simpler than 
switching the direction of current and re- 
quires a less expensive switch. Each one 
of the five switches is a momentary action 
in each direction. The R2000 switches are 
normally off. The R1000 switches are 
either on in one direction or off in the 
other direction, making the R1000 con- 
troller more appropriate for mobile 
robotics— you can just turn the machine 
on and let it go. 


NEXT MONTH 

Well, what have we done so far? I’ve in- 
troduced the Robotix series, both the 
R1000 and R2000 kits. You know the ap- 
proximate price. You know you can get 
them at department stores (they’ll probably 
be in the Lego aisle or the build-it kit ai- 
sle with the Erector™ sets). You know 
that Robotix comes with a series of motors, 
structural parts, and switches. Each set 
contains one gripper assembly. How can 
you go wrong? 

What 1 haven’t provided so far are in- 
structions for connecting the motors to 
your favorite home computer system and 
creating intelligent assemblies. In part 2, 
I will describe how the Robotix kit can be 
controlled from an external source. 


I would like to extend my sincere thanks to the 
following people at Milton Bradley for their 
support. Mr. George Merritt , vice president , 
Public Relations, for putting me in touch with 
the correct people within the company. Mr. 
Gary Burgmann, product manager, Robotix 
Products, for the technical specifications and 
information regarding the manufacture and 
future of the series. Ms. Barbara Gemme, 
Secretary to George Merritt, for doing an ex- 
cellent job of providing photographs and or- 
chestrating contacts between everyone 
involved. 
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MTROOUCTIOH 

TO 

PROLOG 

P^rt II: A Simple Expert System 

Dean A. Schlobohm 
Micro-AI 
PO Box 91 

Rheem Valley, CA 94570 


Although you have learned only the very 
basic Prolog commands, it is still sufficient 
to write a very simple expert system. Since 
the program in Listing 1 (see pages 17, 18 
in the November issue) uses a number of 
Prolog procedures that have not been 
discussed in the article, the interested 
reader should consult one of the books on 
Prolog for further explanation. 

There are many expert systems that solve 
problems by using a set of simple rules. 
Each of these rules is called an if-then rule, 
a situation-action rule, or a production 
rule. The purpose of this section is to pre- 
sent an example of how production rules 
can be implemented in Prolog to produce 
a simple expert system. 

Experience has shown that rules of the 
following form can be used by a computer 
to solve problems that, if done by a human, 
would be thought of as exhibiting a cer- 
tain degree of intelligence. The basic form 
of the rules is 

IF (factl is true) AND 
(fact2 is true) AND 


(factn is true) 

THEN (conclusionl is true). 

For example, the following can be 
thought of as production rules: 


IF (a tree is green in winter) 

THEN (it is an evergreen). 

IF (an animal is a mammal) AND 
(the animal swims) AND 
(the animal is gray) AND 
(the animal is huge) 

THEN (the animal is a whale). 

IF (the infection is a pelvic-abcess) AND 
(there are rules that mention in their 
premise Enterobacteriacae) AND 
(there are rules that mention in their 
premise gram positive rods) 

THEN (there is suggestive evidence (0.4) 
that the rules dealing with 
Enterobacteriaceae should be 
evoked before those dealing with 
gram positive rods). 

Systems based on the above type of rules 
have produced convincing results in such 
diverse fields as medical diagnosis 
(MYCIN), chemical analysis (DENDRAL) 
and mineral exploration (PROSPECTOR). 
In the simple “expert” system discussed 
here, we will consider rules that allow the 
computer to guess an animal you are think- 
ing of. 

In Prolog, each production rule of the 
form: 


IF (factl is true) AND 
(fact2 is true) AND . . . 

(factn is true) 

THEN (conclusion is true). 

can be expressed by a Prolog rule of the 
form 

conclusion 
factl, 
fact2, . . . 
factn. 

Thus, to express the rule: 

IF (an animal has hair) 

THEN (it is a mammal). 

you use the Prolog rule 

isa( Animal, mammal) 
has(Animal, hair), % Rule 1 
asserta(isa( Animal, mammal) ) . 

Here the goal isa(Animal, mammal) 
means that Animal is a mammal. Similar- 
ly, has (Animal, hair) means that Animal 
has hair. Thus, the above Prolog rule states 
that Animal is a mammal if it has hair. 

Similarly, you can express the more com- 
plex rule 

IF (an animal is a mammal) AND 
(the animal is a carnivore) AND 
(the animal has black stripes) 

THEN (the animal is a tiger). 
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by the Prolog clause 

isa( Animal, tiger) :- 
isa( Animal, mammal) , 
isa( Animal, carnivore) , 
isa( Animal/ black 
stripes' ), %Rule 2 
asserta(isa(Animal, tiger) ) . 

Finally, you can add facts about a given 
situation to your database. For example, if 
you know that animall has hair, is a car- 
nivore, and has black stripes, then you add 
the following clauses to your database 

has ( animall, hair) . % Fact 1 

isa (animall, carnivore) . % Fact 2 

has (animall, 'black stripes'). 

#Fact 3 

If you then ask isa (animall, mammal) ? 
Prolog uses Rule 1 and Fact 1 to answer 
**yes. Similarly, if you want to know what 
animall is, you enter isa(animall,X) ? 
Prolog uses Rule 2, Rule 1, and Facts 1, 
2, and 3 to answer X = tiger. 

As you can see, Prolog is a convenient 
language for implementing a production 
rule system. 

While this “expert” system illustrates how 
a computer could achieve a low level of 
problem-solving ability, most humans will 
probably want to know how the computer 
arrived at its conclusion. For example, if 
a program performed medical diagnoses, 
the doctor would probably want to know 
how the computer arrived at its diagnosis 
of the disease. In fact, the doctor might be 
open to a malpractice suit if he or she 
simply relied on the computer. Thus, any 
useful expert system should allow the user 
to ask the computer to explain how it 
reached its conclusion. 

In general, the issue of how to have the 
computer generate a useful explanation is 
complex. For example, if the explanation 
is too simple, it may not be useful. Whereas 
if the explanation is not detailed enough, 
it may not be understandable. 

Our simple system avoids these problems 
by having each rule contain a simple 
description of itself. These descriptions are 
then kept in a list which is passed to each 
rule. If a rule succeeds, then the rule 
description is added to the list. For exam- 
ple, Rule 1 can be rewritten as 

isa (Animal, mammal, How) 
concat( ['RULE 1: ', Animal,’ is a 
mammal if it has hair. ! ],Z), 
has (Animal, hair, W) , 
append( [Z] ,W,How) , 


as serta( isa (Animal, mam- 
mal. How) ) . 

Here, the argument How is the list of rule 
explanations. When a fact is added to the 
database, an explanation is alse added. For 
example, if animall has hair, this fact is 
expressed as has (animall, hair, 'FACT: 
animall has hair') . 

An explanation can be generated simp- 
ly by printing the list of facts and rules. 
This is done by the procedure how in 
Listing 1. For example, if the computer 
discovered that animall is a tiger, the ex- 
planation is 

RULE 2: animall is a tiger if it is 
a mammal, a carnivore, and has 
black stripes. 

RULE 1: animall is a mammal if it 
has hair. 

FACT: animall has hair. 

RULE 3** animall is a carnivore if 
it eats meat. 

FACT: animall eats meat. 

FACT: animall has black stripes. 

To make the system even more useful, 
you should not be required to add all the 
facts you know about the situation in ques- 
tion to the database before running the 
program. In particular, the computer 
should simply ask you for more facts only 
as it needs them. For instance, if the com- 
puter is attempting to determine whether 
an animal is a mammal, it should ask the 
user if the animal has hair, if it does not 
know the fact already. If the program is 
written to ask the user for information 
which it needs, the user may want to ask 
the computer why it needs to know the 
fact. This is also extremely useful in debug- 
ging the program. 

The system discussed here provides a 
simple mechanism for asking the user on- 
ly the necessary facts and permitting the 
user to ask the computer why a particular 
fact is needed. This is accomplished by 
adding another argument to each rule 
definition. This argument is a list of the 
rules which have been used up to the point 
the user is asked for more data. For ex- 
ample, if the program asks Does animall 
have hair? you could enter why to request 
the reason the information is required. In 
the example, the program would respond 
with 

RULE 2: animall is a tiger if it is 

a mammal, a carnivore, and has 

black stripes. 


If this answer does not satisfy you, ask 
why again. The program responds with 

RULE 1: animall is a mammal if it 
has hair. 

At this point you know why the question 
was asked. The procedures ask_about 
and respond in Listing 1 show examples 
of how to implement why in Prolog. 

Listing 1 shows the simple expert Ani- 
mals system which attempts to determine 
what type of an animal you are thinking 
of. The program asks you questions to 
determine the animal in question. You 
answer either yes, no, or why to each ques- 
tion. Answer why if you want to know why 
the program asked you for certain infor- 
mation. After the program has reached its 
conclusion, it asks you if you want to have 
the program explain its reasoning. If you 
enter yes the program prints the 
explanation. 
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A THIRD-GENERATION 
STEPPER MOTOR 
CONTROLLER 

Part I: Intelligent Control 


Ed Klingman and Karen Moty 
Cybernetic Micro Systems 


PO Box 3000 


San Gregorio, CA 94074 


Stepper motor controllers have 
undergone a series of refinements and ad- 
vancements. The first stepper motor con- 
trollers consisted of bulky boxes with 
switches that set the number of steps and 
stepping direction and buttons to actually 
start the motion. Step rates were set in 
hardware, as were the acceleration and 
deceleration characteristics. These early 
controllers were obviously meant for 
manual operation. They were expensive, 
heavy, and large compared to the motors 
being controlled. 

The next controller design saw the box 
functions condensed onto a single printed 


circuit board. This significantly reduced 
the cost and packaging requirements, but 
did not increase the controller capabilities. 
One additional design benefit was the abili- 
ty to electronically simulate switch inputs, 
allowing another machine to command the 
controller. 

When low-cost computers were 
developed, they became a natural source 
of input signals to the stepper motor con- 
troller. The computers provided a pulse 
train to the motor driver module. If the 
motor application required the stepper 
motor to be accelerated and decelerated, 
then the computer provided the properly 



Figure 1. Motor controllers have evolved from large ungainly boxes, to boards, to single-chip controllers. 



Figure 2. The CY500 (introduced in 1979) was the first single-chip controller that provided all the functions 
necessary for high-level stepper motor control. 


timed pulses needed to describe the ac- 
celeration and deceleration curves. More 
importantly, the computer provided the 
calculating power required to perform 
complex motions. Another feature pro- 
vided by computer control was the ability 
to synchronize the stepper motor motions 
with external events. 

Precision motion control is a nontrivial 
problem and the required computer pro- 
gramming represents a major design effort. 
The problem becomes more complicated 
if many motors need to be controlled. The 
computations needed for multimotor con- 
trol quickly exceed the capabilities of low- 
cost computers. One solution to this prob- 
lem is to create dedicated hardware that 
can take over the detailed stepping motor 
control functions and be directed by a low- 
cost computer. 

~ THE CY500 

In 1979, Cybernetic Micro Systems in- 
troduced an intelligent single-chip stepper 
motor controller, the CY500. The primary 
rationale behind the CY500 was to provide 
a simple interface chip and say, “Hook your 
computer to point A and your stepper 
driver to point B” as shown in Figure 2. 

In addition to a simple interface, the 
CY500 also offers high-level functions 
designed for precision positioning, specifi- 
cally, the ability to move a specified number 
of steps (relative move) and also the abili- 
ty to move to a specified location (absolute 
move). Thus, the CY500 can be simply told 
to “take n steps” or “go to position n” 
(where 0 < n < 64K). 
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Figure 3. This graph illustrates a typical stepper motor move when a position command is given to the CY500. 



CLOSELY COUPLED 


Figure 4. The CY525 can operate in two primary modes: independent and closely coupled. 

The CY500 control chip accepts ASCII components (keyboards and displays) and 
commands and ASCII-decimal values. This high-level languages like BASIC. The 
allows you to use the CY500 with high-level ASCII commands consist of single 


alphabetic characters followed by a decimal 
number if applicable. For example, the 
command to step to position 36003 is sent 
to the CY500 as: 

P 36003<CR> 

(Where <CR> is the ASCII carriage return 
character, hexadecimal 0D, decimal 13.) 
The CY500 can also be instructed to ac- 
cept binary number values. This is par- 
ticularly useful when controlling the chip 
from machine language. 

Command sequences can be stored on- 
chip. Depending on the particular CY5xx 
Stepper Motor Control chip, from 10 to 50 
instructions can be stored. One major ad- 
vantage gained from on-chip storage is the 
ability to define conditional branching and 
looping. Thus, a program sequence with 
decision-making capability can be stored 
on-chip. 

Because most stepper applications 
operate within the framework of larger ap- 
plications, the CY5xx instruction set em- 
phasizes the ability to test external events 
as opposed to simply testing the results of 
internal calculations. The CY5xx devices 
can: 

• Loop until an external event occurs. 
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Photo 1. The CY512/Kit prototyping board available from Cybernetic Micro Systems. 



TABLE 1 

CY525 PIN DESCRIPTION 

DESIGNATION 

PIN # FUNCTION 


Prog/Live 31 

(output/input) 


• Wait until an external event occurs. 

• Loop for a specified count of events. 

In addition to sensing external signals, 

the CY5xx controllers also generate both 
specific and general-purpose control 
signals to be used by external subsystems. 
The ability to sense, signal, and syn- 
chronize, provides a very powerful sub- 
system building block for motion systems. 

INTELLIGENT MOTION CONTROL 

Although stepper motors can operate with 
considerable angular velocity or step rate, 
most must begin (and end) with a low step 
rate. Thus, a high-level controller should 
provide automatic acceleration and de- 
celeration. The controller should deter- 
mine when to stop acceleration and also 
when to begin deceleration to stop at the 
desired position. The CY500 has a pro- 
grammable slope parameter that specifies 
the acceleration as shown in Figure 3. 

As the first intelligent stepper motor con- 
troller, the CY500 was well received by 
customers and won a “Product of the Year” 
award from Electronic Products Magazine 
in 1980. However, as is the case with most 
first products, the CY500 was not perfect. 
Although it was designed to provide 
precise motor control at speeds up to 3360 
steps/second, many users needed faster 
stepping rates. 

In 1981, Cybernetic Micro Systems in- 
troduced a second-generation stepper 
motor controller, the CY512. The CY512 
is 90 percent pin- and instruction- 
compatible with the CY500 and offers ad- 
ditional features such as: stepping rates of 
up to 8000 steps/second with feedback (ap- 
proximately 5000 steps/second without 
feedback), the ability to query the position 
and rate registers, and a program loop 
command. 

" CY525 INTELLIGENT 

RAM P ING MO TOR CONTROLLER 

However, customers wanted still higher per- 
formance, more linear ramping (accelera- 
tion and deceleration), unlimited free-run 
stepping, the ability to specify complex rate 
profiles, etc. In response, the CY525 was 
created. It is 100 percent pin-compatible 
with the CY512 and provides additional 
features such as linear to optimal accelera- 
tion curves, step rates up to 10,000 
steps/second, the ability to change rates in 
the middle of a stepping motion (of par- 
ticular importance in robotic applications 
where external events may control the mo- 
tions), and an unlimited stepping mode in 


Run (Int Req 2) 

32 

(Program Complete) 


(output) 


Motion Complete 

37 

(Int Req 1) (output) 


Wait 

38 

(input) 


Dowhile 

28 

(input) 


Direction 

33 

(output) 


Pulse 

35 

(output) 


Slew 

29 

(output) 


Abort 

6 

(input) 



Step Inhibit 

30 

(input) 


Programmable Output 

34 

01-04 

21-24 

(output) 



Indicates program entry mode. Commands are 
entered and saved, but not executed, while pin 
31 is low. May be used as input to enable Live 
commands to be executed while a program 
runs. 

Indicates program execution mode. Com- 
mands cannot be entered while program is 
executing (pin 32 = low) unless the Prog line 
(pin 31) is used. 

Signal to interrupt host at end of stepping 
or when position is available. 

Program Waits for this pin to go low when 
Until command is executed, and waits for a 
high signal when Wait command is executed. 

Is tested by T command. Program will 
branch to specified target if low, else it will ex- 
ecute next instruction. 

Indicates current stepping direction and is 
affected by +, and P commands 
(high = CW, low = CCW). 

Low when step begins, high when step ends. 

Goes low when steady stepping rate has been 
been achieved. Will return high when ramping 
begins. 

Low during stepping causes the CY525 to 
begin ramping down to the initial step rate. If 
held low, the CY525 Aborts stepping at the 
bottom of the ramp. If the Abort line is re- 
turned high during the downramp, the CY525 
ramps down and continues stepping to target 
position at the initial step rate. 

Inhibits stepping while held high. 

User programmable output pin. 

Stepper drive signals. 
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Continued 



4 -PHASE 



Figure 5. Simplest prototype development system for the CY525 controller chip. 


which the motor steps continuously until 
told to stop. 

The CY525 operates in one of two 
primary modes: independent or closely 
coupled. Independent mote is identical to 
the CY500 and CY512 operation. In this 
mode, the parameters are specified and 
then a motion command is issued or a pro- 
gram executed. The controller and master 


computer interaction is typically limited to 
signalling either that the motion is com- 
plete or the program has terminated. This 
high-level control moves the detail control 
worries from the master computer to the 
dedicated controller. 

The second CY525 mode is called close- 
ly coupled. This mode provides extreme 
flexibility at the expense of some attention 




TABLE 1 

DESIGNATION 

PIN # 

FUNCTION 

Unused 

5, 9, 25 

Must remain disconnected. 

VCC 

40 

+ 5 volt power supply. 

VDD 

26 

+ 5 volts. 

VSS 

7, 20 

Circuit GND potential. 

xtall-xtal2 

(input) 

2, 3 

Inputs for crystal or external clock (not TTL). 

Clk/15 

(output) 

11 

This output represents the crystal frequency 
divided by 15. The pulse width is at least 300 
nanoseconds. 

Reset 

(input) 

4 

Initializes controller to power-up state. 

DB0-DB7 

12-19 

Bidirectional parallel data bus. 

I/O Select 

39 

Indicates direction of data on the data (input) 
bus. Low = input to CY525. High = output from 
CY525, which can only be generated if CY525 
has received V command. Also used to read 
position while stepping, i.e. t on the fly. 

I/O Request 
(input) 

1 

Strobe to initiate command input when writing 
to CY525. Initiate data output when reading 
from CY525. Interpretation of pin 1 is a func- 
tion of I/O Select (pin 39). May be used while 
stepping to change the step rate on the fly. 

Busy/Ready 

(output) 

27 

Handshake line for command data input. Host 
must wait until Ready state is indicated by a 
high level before transferring command or data 
to CY525. If Run (pin 32) is low, the Prog line 
(pin 31) must be used to enter Live commands 
while a program is executing. 

Instrobe 

(output) 

8 

Occurs during data input. The data on the bus 
must be valid until the trailing edge of Instrobe 
occurs. 

Outstrobe 

(output) 

10 

Trailing edge indicates valid data output by 
CY525 on data bus. 

ASCII/Binary 

(input) 

36 

Selects ASCII-decimal or binary mode of 
operation. 


on the part of the master computer. Closely 
coupled mode provides the ability to 
change the step rate and to read the cur- 
rent position while the motor is stepping. 
This capability allows the control computer 
to produce complex motions. 

Simple Prototyping. The CY525 is an 
ASCII-programable peripheral controller 
chip designed to control stepper motors 
using an instruction sequence that may be 
stored internally in a program buffer. This 
feature provides the ability to program the 
device with an ASCII keyboard as shown 
in Figure 5. This greatly simplifies pro- 
totype development and experimentation. 
After the correct control sequence is 
developed, the ASCII keyboard can be 
replaced by a computer output port. Of 
course, the computer can be used initially 
in those systems in which keyboard pro- 
gramming is impractical, but most applica- 
tions can usually benefit from the im- 
mediacy of the keyboard during the 
development phase. 

The CY525 can be operated in com- 
mand mode or programming mode. In 
command mode, the controller simply ex- 
ecutes the command. Typing commands 
on the keyboard immediately causes the 
controller to take the appropriate action. 
In programming mode, a command se- 
quence is stored in the on-chip program 
buffer for later execution. Since the CY525 
offers stored program capability, the 
amount of host time and software required 
to perform a given task is greatly reduced. 

The CY525 can function as a stand- 
alone device in many applications. Except 
for the initial program loading, the con- 
troller can stand totally separate from the 
host processor. In many applications, it is 
possible to design custom devices to load 
the desired program upon power-up. The 
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BIDIRECTIONAL TO STEPPER MOTOR 

PARALLEL DRIVE TRANSISTORS 



Figure 6. Schematic diagram of the CY525 Intelligent Ramping Stepper Motor Controller architecture. 



TABLE 2. CY525 COMMAND SUMMARY 

ASCII 

NAME 

INTERPRETATION 

A a 

Absolute 

Set current location as specified 

B 

Bitset 

Set programmable output line high 

C 

Clearbit 

Reset programmable output line low 

D d 

Delay 

Time delay for specified milliseconds 

E 

Enter 

Enter program code 

F f 

Firstrate 

Set initial step rate 

G 

Go 

Begin relative stepping operation 

H 

Flaltmode 

Set continuous step mode of operation 

1 

Initialize 

Turn off step drive lines, reset controller 

Jj 

Jump 

Go to specified program buffer location 

L c, a 

Loop 

Repeat program segment for specified count 

N n 

Number 

Set number of steps to be taken (relative) 

0 o 

Offset 

Set next stepper drive signal value 

Pp 

Position 

Set- and step to target position (absolute) 

Q * 

Quit* 

Quit entering program code, re-enter 
command mode. * Never followed by <CR> 

R r 

Rate 

Set step rate parameter 

Ss 

Slope 

Set ramp rate for slew mode operation 

Tt 

Branch Til 

Branch ‘Til" dowhile line goes high 

U 

Until 

Stop execution until wait line is low 

V v 

Verify 

Verify internal buffer contents 

W 

Wait 

Stop executing until wait line is high 

X 

execute 

Begin program execution 

Zz 

divisor 

Divide slope by divisor parameter 

+ 

CW 

Set clockwise direction 

- 

CCW 

Set counterclockwise direction 

0 

Command 

Stop program execution, enter command mode 

$ 

Label 

Marker for “jump to" and "loop to" commands 


6 can be partitioned into several functional 
subsystems: 

• Input data subsystem 

• Output data subsystem 

• Program parameter storage 

• Mode flags and pins 


programs can be triggered by external 
hardware. This approach removes any need 
for a host computer system. 

~ CY525 ARCHiTECTURE 

The CY525 architecture shown in Figure 
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• Program storage buffer, 60 bytes 

• Instruction selection, decoding, and 

control mechanisms 

• Position register 

I/O Data Subsystems. The input data 

subsystem accepts controller commands. 
The output data subsystem contains the 
output control signals to the stepper drive 
circuitry and includes the associated direc- 
tion and pulse timing lines. 

Program Parameter Storage The pro- 
gram parameter storage subsystem is used 
to store the step rate parameters, ramp rate 
parameter, and to maintain a 16-bit posi- 
tion register. The position register is in- 
cremented when stepping in the clockwise 
direction (decremented in the 
counterclockwise direction). The position 
register is used when absolute position 
commands are specified. The 16-bit step 
counter is used when relative commands 
are employed. The position register con- 
tents change with every step. The step 
counter register contents remain unchang- 
ed until a specific command is used to 
change them. 

Mode Flags and Pins. The mode flags 
and mode select pins are used during com- 
mand execution to perform the appropriate 
action or to interpret data or input signals 
correctly. 

Program Storage Buffer. The CY525 
contains a program buffer that stores an 
instruction sequence for execution. This 
provides all of the benefits of stored pro- 
gram execution that have made computers 
such powerful tools. 

Instruction Decoding and Control. This 
subsystem performs the actual command 
execution. 

Position Register. The CY525 contains 
a 16-bit position register that contains the 
current stepper motor location. The 
CY525 accepts relative and absolute posi- 
tion commands. However, the position 
register always indicates absolute position. 
In the CY525, this register can be read 
while the CY525 is stepping. 

Part II of A Third-Generation Stepper 
Motor Controller discusses the CY525 ar- 
chitecture and provides a programming 
example. 


Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 
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STEPPER MOTOR SALE! 


SALE 

PRICE $75 00 

SAVE 37% 

OFF $119 LIST 



, 


• HIGH TORQUE: 65 OZ IN (100 OZ IN HOLD) 

• SIZE: 2.2" SQ x 3.0" LONG (PLUS Va" SHAFT) 

• STEP SIZE: 1.8° (200 STEPS/REV) 

• LOW INDUCTANCE FOR FAST RESPONSE 

• SUPPLY VOLTAGE: 1 ,7V TO 48V 

• MOUNTING BRACKET: $9.95 

• QUANTITIES ARE LIMITED 


DATACRAFT 

12207 AURORA NORTH 
SEATTLE. WA 98133 
(206) 367-9680 






With hardly any noise 
and no asbestos — 

Silent Stop™ fail-safe brakes 
are perfect for office machines. 

Disc drives, film drives, copiers, presses, printers 
— any office machine that might have to come to a 
fast, silent stop if the current fails — need our SBF 
series fail-safe brakes. Noise is 49 dBA max. under 
normal office/lab environments. No slip rings or 
brushes. Four models available, torque 1, 3, 7, 50 
in. lb. Call or write VERNITECH,300 Marcus Blvd. 
Deer Park, NY 11729. 516/586-5100. 

TWX 510-277-6079. 


INTRODUCING A SINGLE-BOARD 
COMPUTER YOU CANT PASS UP 

INTRODUCING THE ZINGER 
COMPUTER SYSTEM 

Have you ever needed a small, low power 
easily programmable application board? 
This is it! 

Zinger CPU • 8073 CPU with Tiny BASIC • 2Kx8 RAM expandable to 12K on board • 
Board supports JEDEC family ROM/RAM • EEPROM programmer on board • 
EEPROM/RAM interchangeable • 24 line programmable parallel I/O port • Optional on- 
board switching power supply supplies + 12 & - 12V for all interface devices so that only 
+ 5 V 300mA need be supplied • All devices memory mapped for ease of programming • 
ASSEMBLED & TESTED $119.95 

ZINGER INTERFACE BOARD 

Board may be purchased with any or all combinations • 276 word speech synthesizer • 
8 channel A/D converter • RTO with programmable latches & battery backup • programmable 
keyboard interface with 64 keys or sense switches for remote sensing • 8 char alphanumeric 
display or intelligent 16 char by 2 line LCD display • 24 line programmable parallel I/O port 

• all devices connected to interrupt register • all devices memory mapped • 

UNIVERSAL AC/DC CONTROL BOARD 

Controls 14 4A 200 V optically isolated devices & 10 transistors for high current switching 

• 32 sense or drivelines • all sense/drive lines use CMOS bilateral switches so that it may 
be used for an 8 to 1 line 0 to 5 V analog multiplexer • board designed to use one 24 line 
PIO port or CPU or interface board • 

AND FOR HOME CONTROL... 

BSR INTERFACE FOR REMOTE CONTROL OF AC DEVICES 

Compatible with BSR & other wall modules sold by Radio Shack, Leviton & others • driven 
from a parallel port • 

SCHULZ ENTERPRISES INC. 

1285 LAS TUNAS DR. SAN GABRIEL, CA 91776(818) 287-5067 


PERSONAL ROBOTICS EXCLUSIVELY 

FACTORY AUTHORIZED DEALERS 


SENSATIONAL — CONTROL SYSTEM FOR HERO-1 

Write, debug, edit, download programs from yourZ-100, H-89, Apple II, CoCo, PC, others 
MENOS System, includes RS232, 34K, OS in ROM 
from Virtual Devices, Inc. List $595.00 SALE $540.00 


BURN YOUR OWN RB5X PROMS 
Introducing our Tiny BASIC PROM Development System 

Hardware, Software, Documentation — Complete Package for 8073 CPU 

VIC-20 Version $299.95 Commodore 64 Version $349.95 

Dealer Inquiries Invited 



List 

SALE 

List 

SALE 

MOVIT 



ANDROBOT 


Screwdriver Kits— No Solder— 

•FUN 

Slave to your computer 


Avoider 

44.95 

40.15 

TO POII 1595.00 

1485.00 

Circular 

67.95 

63.75 

Accessories 

CALL 

Line Tracer 

39.95 

36.75 

COMRO 


Medusa 

27.95 

26.25 

On-board 8-bit computer 


Memoconcrawler 

74.95 

70.15 

TOT 

CALL 

Monkey 

24.95 

23.65 

Accessories 

CALL 

Mr. Bootsman 

30.95 

29.25 

HUBOT 


Peppy 

24.95 

23.65 

On-board 8-bit computer 


Piper Mouse 

44.95 

40.13 

Premier 1000 3495.00 

3275.00 

Sound Skipper 

24.95 

23.65 

Accessories 

CALL 

Turn Backer 

39.95 

36.75 

IOWA PRECISION 


HARVARD ASSOC. 



On-board 16-bit computer 


Tasman Turtle 

399.00 

365.00 

Marvin MKI 5995.00 

5785.00 

TurtleTot 

299.00 

275.00 

PERSONAL ROBOTICS CORP. 


ROBOT SHOP 



On-board 8-bit computer 


Droid Bug 

129.95 

122.00 

Ropet-HR 2499.00 

2210.00 

Z-1 

149.95 

136.50 

Ropet-XR 2199.00 

2030.00 

Z-2 

249.95 

223.50 

Accessories 

CALL 

X-1 

399.95 

360.00 

RB ROBOT 


RHINO 



Download from your computer 


Scorpion &XR-3 


CALL 

RB5X 2295.00 

2058.00 




Accessories 

CALL 


TECHNICAL INFO-WE CAN HELP. CALL 

Shipping Over $200 Add 4%. $200 And Under Add 5%. 
Cash With Order Deduct 3%. N.M. Orders Add 4%% Sales Tax. 
Allow 4 Weeks For Delivery. 


RIO GRANDE ROBOTICS R£r 


1595 W. Picacho #28, Las Cruces, N.M. 88005, Tel. (505) 524-9480 
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COMPUTER 
RUNS MOTORS 

• ROBOTS 

> PROCESS CONTROL 

> CONVEYORS 

> FORWARD/REVERSE 
» DUAL CONTROLLERS 

» ONE PORT CONTROLS 
FOUR MOTORS 

Use yourxomputer with the CDFR controller to command 
speed and direction of two independent motors from a 
single parallel output port. Ideal for robot drive motors or 
any two functions requiring proportional bipolar control 
with bridge output circuitry. Six versions cover an output 
range of 6-70 Vdc up to 40 amps. Typically the CDFR 
controller installs between the computer, a 1 2 Vdc battery, 
and two DC PM motors mounted right and left on a robot. 
Simple software commands set speed and direction 
latches in the CDFR thus freeing your computer for other 
tasks. Rugged relayless PWM output circuitry is optically 
isolated from the CMOS control logic and your computer 
to eliminate ground loops and facilitate flexible output 
configurations. Serial interface optional. One year limited 
warranty. Buy the CDFR-2 now with 15V 12A outputs for 
$225.00. Ask about our other robotics components. MC, 
VISA, MO, or check. 

VANTEC 

15445 Ventura Blvd., Suite 10-281 
Sherman Oaks, CA 91413 

(818) 993-1073 


INTRODUCING 

THE AFFORDABLE ROBOT 

Have you avoided joining the robot revolu- 
tion because the robots you have seen 
were either too toy-like or too expensive? 

Wait no longer. HoB-Bots of Hudson in- 
troduces MicroDroid. 

MicroDroid has advanced features 
usually available only on more expensive 
robots. MicroDroid has two inde- 
pendently-driven wheels which move its 
rugged all-metal body through the thickest 
carpets. 

MicroDroid has a hand with a 3" span 
capable of holding over 4.5 lbs. 

MicroDroid has five major sensor 
systems which permit it to interact with 
its environment. Within the hand there 
are two variable pressure sensors, two 
hand-limit sensors, and an optical object 
sensor. MicroDroid also has a tactile 
sensing system and an optical shaft 
encoder for position sensing. 

MicroDroid is available in three models to meet your specific needs. Model 
MDIOOC is supplied with our robot development computer programmable in BASIC. 
Model MDIOIP is provided with a parallel interface to your computer. Model 
MDI02Z is provided with an interface which plugs into the expansion bus of your 
Timex-Sinclair computer. 

Now you don’t need to wait any longer. Now you can join the robot revolution 
with MicroDroid and HoB-Bots of Hudson. 

linos. fit Model MDIOOC $595 

HoB-Bots of Hudson Model MDIOIP $495 

Robots for Home and Business Model MDI02Z $545 

RO. Box 640 

Hudson, Ohio 44236 (216) 656-3413 



PERSONAL ROBOTS AT A DISCOUNT! 



Valley's 


List 

Price 

RB5X 

$ 2295 

*1995 

RB Arm 

5 1495 

*1335 

Voice/Sound Synthesis 

*245 

*210 

16K Memory 

*195 

*189 

Power Pack Add-On 

*94 

*79 

RCL I 

*179 

*175 

RCL II 

*185 

*179 

RCL I w/Sawy 

*595 

*579 

Upgrade Kit 

*300 

*295 

Recharge Cable Unit 


. *29 

Terrapin LOGO Translator Disk 


. *34 

EPROMS-2K 


. *19 

EPROMS-4K 


. *24 

Robot Appreciation Kit 


. *24 

Tiny Basic Users Manual 


. *30 

User's Reference Manual 


. *35 

EDUCATION SPECIAL 

RB Base Unit, LOGO Translator Disk, Voice/Sound 


Synthesis, Users Reference Manual 


*2259 

(suggested retail price: *2609) 

Shipping: Please add 3% 



California residents add 6%% sales tax 


Sorry. NO C.O.D. Orders 



Valley 

ROBOTICS 



22 KELLIE ANN • ORINDA, CALIFORNIA 94563 



ROBOTS 



PROMOTIONS 


TRADE SHOWS 


VIDEOS 


CONCERTS 


PARTIES 


Robots can be used effectively to attract attention and relate a high-tech 
image. They add fun and excitement to any function. 

Digi-Tech robots are available for purchase or lease in many different 
styles and capabilities. They have appeared throughout the world, on tele- 
vision, at trade shows, in films, and at night clubs. 

The new PARTY-TIME robots are equipped to serve drinks and entertain. 
Purchase one of these unique mobile bars for your next dynamic party. 

For the ultimate in entertainment robots, contact: 

Digi-Tech, Inc. (201) 548-4260 

58 Van Buren Avenue, Metuchen, NJ 08840 USA 
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SANTA DROID’S * 
SOFTWARE SHOP 


HERO PATROL 


Sophisticated program has HERO patrol the halls of 
your home or office, on guard and alert to intrusion. 


• Adaptive & Self Correcting 

• Verbal Reports & Interactions 
•Easy to Use 


HERO BUTLER > 25 . 

HERO performs a variety of household chores easily 
addressable from his keyboard. Amuses your guests. 

• Delivers Announcements 

• Serves Food & Drinks 

• Tends the Door 


HERO PET $25. 

The most amicable pet ever. Fully house broken. 
As user-friendly as a Cairn Terrier. Sleeps a lot. 

• Mills Around 

•Mutters Appropriate Comments 

• Likes People 



Robotronix, Inc. Box 1125 Los Alamos, NM 87544 


STEPPING 

MOTOR 

CONTROLLER 


Robotics 
Animation 
Process Control 
3-D Motion 
Drilling 
Milling 


• powerful motion 

commands 

• provides required 

power 

• RS232 interface 



to 4 motors 
from any CRT, 
terminal or 
computer 

• acceleration/ 

deceleration 

• simultaneous 4 axis 

moves 

• senses 8 limit switches 


STEPPING MOTOR TIPS COOKBOOK $8 

STEPPING MOTORS - priced from $59 

BIG STEPPER - Standard Version $935 

- with on-board BASIC language $985 

- with on-board CNC commands $1950 

Complete drive package for Apple ll/lle $265 

includes 4 motor positioning software 


CENTROID (814) 237-4535 
Box 739, State College, PA 16804 


New 

Products 



Low-Cost Industrial Encoder 

he Model 23 rotary encoder is designed 
specifically for medium- to light-duty industrial 
applications. The unit features sealed bearings for 
maximum reliability and offers up to 4096 counts per 
shaft revolution. The Model 23 provides low-cost, 
medium resolution in a number of electrical and 
mechanical configurations. The unit features a single 
LED light source and 5, 12, and 15 VDC inputs. Out- 
put configurations include low-level sinewave. 
amplified sinewave. and TTL- or CMOS-compatible 
line drivers. 

The Model 23 is OEM-priced and available for stan- 
dard delivery. For more information, contact: Dave 
Silva, Dynamic Research Corp., 60 Concord St.. 
Wilmington, MA 01887, telephone (617) 658-6100. 
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Digital Control Trainer 

alii Motion Control has announced the Digital 
Control TVainer (DCT 70) designed to train 
engineers in the field of digital servosystems. The DCT 
70 is a complete motion control system which includes 
a motor, encoder, amplifier, and a controller. The con- 
troller closes the loop on the motion position. System 
stability is achieved by a digital filter and no velocity 
feedback is required. The digital filter parameters can 
be changed and the resulting effect on the systems 
behavior observed. Also available is a set of ex- 
periments that can be performed on the DCT 70. 
These are simple experiments that last about two 
hours each. The experiments include the effect of the 
digital filter on the step response, the frequency 
response of digital control systems, and others. 

For further information, contact: Dr. Jacob Ted. Galil 
Motion Control. 1916-C Old Middlefield Way, Moun- 
tain View, CA 94043, telephone (415) 964-6494. 
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Servocontrol Computer 

T he Integrated Technologies Model 102A In- 
telligent Servocontrol Computer provides the 
capability to control a DC servoposition or velocity 
loop from the STD Bus. The 102A uses an incremen- 
tal encoder for position feedback and the STD Bus 
for commands. By using sophisticated control 
algorithms, the 102A develops the appropriate analog 
velocity signal to feed a standard servo amplifier. A 
complete memory check is made after power-up, and 
feedback inputs are verified constantly. Any faults are 
indicated by a bank of six LEDs. An isolated fail-safe 
watchdog timer signals external equipment of 
emergency conditions. 

The price of the 102A in quantities of ten is $433 
each. For information, contact: Brian Quinn, In- 
tegrated 'technologies, Inc., 444 West Maple, Building 
F, TVoy, MI 48084, telephone (313) 362-4466. 

Circle 43 
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New 

Products 



Mobile Nomad 

T he Nomad robot from Genesis Computer Corp. 

is an affordable robot for use with the Com- 
modore 64 microcomputer. Nomad is a versatile 
educational tool for teaching programming logic to 
young children or computer novices. While teaching 
Nomad how to move about, the student learns the 
same kind of logic necessary for writing computer 
programs. Nomad is also an excellent entertainment 
companion that is sure to keep experimentalists and 
recreational programmers busy for hours on end. 

Nomad is constructed of a sturdy aluminum chassis 
with a durable thermo-formed plastic body that resists 
dents and scratches. It is driven by precision stepper 
motors and can move forward, backward, right, and 
left. Nomad has ultrasonic eyesight, which allows it 
to detect objects in its path or to do ranging. Nomad s 
special Robot Control Language allows the user to 
easily create complex patterns of movement. Nomad 
plugs into the User Port (RS232) and has a 25-foot 
cord, which allows for movement within a typical two- 
room area or classroom. It comes with its own power 
supply. An optional BASIC enhancement cartridge 
adds Nomad control commands such as AHEAD. 
BACK, LEFT, and RIGHT directly to the Commodore 
64s BASIC. 


Nomad is available immediately for the Commodore 
64 and has a suggested retail price of $179.95. The 
optional extended BASIC cartridge retails for $39.95. 
A Radio Shack Color Computer model is available 
exclusively through Frank Hogg Laboratories of 
Syracuse, New York and an Apple He model will also 
be available by late December. 

For more information, contact: Genesis Computer 
Corp., Ben Franklin Technology Center. Lehigh 
University, Bethlehem. PA 18015, telephone (215) 


861-0850. 
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iLISP For CP/M Computers 

C omputing Insights has announced iLISP for 
for Z80-based microcomputers. iLISP offers all 
the traditional advantages of LISP programming in- 
cluding extensibility, modularity, and a flexible and 
highly interactive programming environment. 

iLISP runs under the CP/M 2.2 operating system. 
It is based on the Lisp dialect called SCHEME and 
offers advanced Lisp features including runtime Lisp 
macros and input-time READ macros, stack free ex- 
ecution of tail recursive functions, complete access 
to the CP/M file directory, sequential and byte ad- 
dressable random I/O to disk files, both floating point 
and integer arithmetic including sine, cosine, arc- 
tangent, and random numbers, programmer control 
of the executive, error handling, and startup functions, 
a simple assembly-language interface, trace and break 
debugging utilities. 

The iLISP utilities are fully documented and in- 
clude all source code. Utilities include a Lisp list 
editor, a function library, a pretty-print utility, and the 
classic Eliza program. 

iLISP is available on both 8 in. and popular 5V2 
in. disk formats (including Kaypro, Morrow, Zenith, 
and Osborne). The list price is $49.95. For more in- 
formation, contact: Computing Insights, PO Box 
4033, Madison. WI 53711. Circle 45 


RB5X 

Development System 

iJ io Grande Robotics has released a PROM De- 
velopment System for the RB5X Robot. The 
system includes a Tiny BASIC editor for writing pro- 
grams to run on the RB5Xs NSC 8073 processor, 
a terminal program to download the program to the 
robot or to a PROM burner, PROM burning hard- 
ware and software, and extensive documentation. The 
system can be used to program 2716 and 2732 
EPROMs. It runs on the VIC-20 and Commodore 64 
microcomputers. The system will be available from 
the company or through robotics retailers for $299. 

For more information, contact: Rio Grande 
Robotics, 1595 W. Picacho #28, Las Cruces, NM 
88005, telephone (505) 524-9480. 
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8048 Simulator for IBM PC 

T he Sim-8048 Simulator/Debugger from Cyber- 
netic Micro Systems allows execution and 
debugging of machine code for the 8048 family of 
microcomputers on the IBM PC (128 Kbytes of pro- 
grammable memory required). The dynamic display 
and interactive nature of the program should cut 8048 
program development by an order of magnitude. 

The Sim-8048 dynamically displays the source code, 
register values, flags, I/O pins, and program branches 
in windows. In addition to the usual updating of 
register contents, the unique flowgraph scrolls through 
the window as the program executes, allowing the user 
to visually follow the code. Sim-8048 supports the 
timer-counter and external interrupts and even the 
use of 8155 external memory. 

The 8048 code is derived from a HEX file produced 
by the CYS-8049 cross-assembler or equivalent. The 
Sim-8048 provides 50 commands consisting of single 
alphabetic keys or control characters that provide 
register value declaration, trap specification, break- 
point specifications, single step, auto-step, fast execu- 
tion, etc. The simulator provides access to all of the 
8048 memory, including data, code, and external 
space. Selected data is displayed and can be easily 
altered. The Sim-8048 displays both the source (sym- 
bolic) names and the numeric values. Online help is 
always available. 

The Sim-8048 is priced at $395. A demo disk and 
manual are available for $39.50. For more informa- 
tion, contact: Cybernetic Micro Systems, PO Box 
3000, San Gregorio. CA 94074, telephone (415) 
726-3000. 
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Voice-Controlled Applications 

rctec Systems has introduced voice-controlled 
video games for personal computers for use 
with the Micro-Ear product line. According to the 
company, they are the first voice-controlled video 
games available for personal computers. Micro-Ear 
is a speaker- and language-independent voice- 
recognition and command system that can be used 
with all personal computers capable of RS232 
communications. 


Up to 256 words are selected and defined by the 
user and trained by the user’s voice. Speaking a single 
word can activate an operation, cause a character to 
appear on the screen, execute a program, or execute 
a series of instructions. The users voice patterns and 
the communications software are retained in the 
battery-backed Micro-Ear memory. 

Micro-Ear plugs into an RS232 interface port and 
uses the standard RTS/CTS protocol. The system 


retails for $579 and comes with a microphone. 9V 
power supply, user's guide and demonstration pro- 
grams (including video game programs) for IBM PC 
and Apple II series computers. Software for the IBM 
PC also includes EAR DOS. which allows voice con- 
trol from inside virtually any applications software. 

For more information, contact: Arctec Systems, 
9104 Red Branch Rd.. Columbia, MD 21045, 
telephone (301) 730-1237. p . . . 
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New 

Products 


Stepping Motor 
Controller 

T he EM-8944 provides a complete interface to a 
pair of open-loop stepping motor drives. The 
EM-8944 provides two fully independent axes pet- 
card. Onboard acceleration /deceleration and position 
counter logic handle all real-time axis control tasks 
of acceleration/deceleration and position counting. 
The logic implements a velocity-controlled servo 
rather than a preset indexer, allowing both contour- 
ing and positioning axes control. 

The Multibus processor sets direction, loads 8-bit 
velocity commands, monitors a status register, and 
services position counter overflows. The EM-8944 ac- 
celerates or decelerates to each new velocity, signals 
“AT SPEED” with status register bits, maintains the 
8 least significant bits of position count, and signals 
counter over/under flows with status flags and optional 
interrupt requests. Inverse exponential deceleration 
provides optimum motor performance. 

Each axis has individually adjustable maximum slew 
speed and acceleration rates. The acceleration pro- 
file is a digitally generated rising exponential between 
zero and maximum slew speed, such that final ac- 
celeration is 1/15 of initial acceleration. Deceleration 
is the mirror image of acceleration, matching the 
braking torque demand to the increasing motor 
torque available as speed decreases. Thus, both ac- 
celeration and deceleration motor torques can be 
more closely matched to the torque/speed motor 
characteristics of typical stepping motors. 

The EM-8944 interface is priced at $785. For com- 
plete technical details, contact: Symbicon Associates, 
Inc., 89 Route 101A, Amherst, NH 03031, telephone 
(603) 673-8898. Circle 49 


MasterFORTH 

/l/yasterFORTH is the latest generation of Micro- 
1. jf Motion Forth interpreters and meets all pro- 
visions of the new Forth-83 International Standard. 
MasterFORTH is a complete professional program- 
ming language and includes built-in macroassembler 
with local labels, a screen editor, and a string han- 
dling package. The input and output streams are 
redirectable and the system uses the host operating 
file structure. A floating-point option is also available. 
The package includes Forth Tools , a 200-page text- 
book, a technical reference manual, and a complete 
listing of the MasterFORTH nucleus. 

MasterFORTH is available for Z-80 CP/M 2.x 
operating systems and Apple II/II + /IIe systems. It 
retails for $100 or $140 with the floating point op- 
tion. For more information, contact MicroMotion, 
12077 Wilshire Blvd. #506, Los Angeles, CA 90025, 
telephone (213) 821-4340. 
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Ultraminiature CCD Video Camera 



line of ultraminiature CCD (charge coupled 
device) video cameras has been introduced by 
the Component Products Division of Sony Corp. The 
XC-37, XC-38, and XC-47 CCD cameras eliminate 
problems of lag, image burning, geometric distortion, 
and microphonic noise associated with pick-up tube 
cameras. The XC series cameras are highly sensitive 
high-resolution cameras based on Sony’s patented 
CCD solid-state imaging technology. 

The cameras perform well in poorly lit areas, in 
magnetic fields, and in areas subject to vibration and 
shock. These performance strengths, combined with 


the cameras’ small size (one-third that of pick-up tube 
cameras) make Sony’s CCD video cameras ideal for 
industrial automation processes such as recognizing 
patterns and positioning robot arms. The cameras’ 
small power consumption (2.3 W) and small size 
facilitate multiple installation on machine vision 
systems that must quickly inspect complex surface 
structures. 

For information, write: Sony Component Products 
Division, 15 Essex Road, Paramus, NJ 07652. Or call 
Joe Thorsen or Alan Penchansky at (212) 575-1976. 
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BERGER 

BERGER LAHR CORPORATION 


Fitzgerald Drive, Jaffrey, NH 03452 

TEL: (603) 532-7701 

TELEX: 92-8445 BELACO JAFF 


For more information on our precision motion control products, con- 
tact our Sales Department. 


Stepping Motors & Positioning Systems 

Five-Phase Stepping Motors Berger Lahr pioneered the five-phase 
permanent magnet stepping motor. These motors meet the need 
for high levels of positioning accuracy with 0.72° (full step), 0.36° 
(half step), and 0.036° (microstep). Available in a wide range of sizes 
and powers, these motors provide high start/stop and slewing 
speeds and are unsurpassed for smooth operation. 

Positioning Drives For optimum stepping motor performance, we 
produce a full range of motor drive products that can be tailored to 
your specific application. These include voltage and current dr— 
systems through multiple axis microprocessor controlled dri\ 
terns. Additionally, we can provide individual system component 
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New 

Products 


Improved High Stepper 



C yberpak Co. has extended the capabilities of 
its High Stepper line with the HS-1, a BASIC 
programmable microcomputer that is plug-compatible 
with its HS-2 Dual Stepper Motor Controller. The 
HS-1 is based on Zilog’s Z8 microcomputer chip. 


The HS-1 offers an opto-isolated RS232 serial port 
with a hardware-selectable, software-readable data 
transfer rate. This allows the HS-1 to be used in a 
variety of configurations. The HS-1 can be used with 
a personal computer, and allows the saving of BASIC 
programs over its serial port. 

T\vo 28-pin memory sockets allow a variety of 
memory configurations. The maximum memory is 30 
Kbytes. The standard HS-1 comes with 2 Kbytes of 
read-only memory and 2 Kbytes of programmable 
memory. The HS-l’s standard read-only memory con- 
tains software for driving the HS-2 motor controller. 
With it, you can perform stepping motions through 
function calls from the BASIC interpreter. 


Software functions allow you to specify which of 
the two motors to move, A or B; the direction; full- 
step or half-step mode; the number of steps to move; 
and the step rate in steps per second. This embedded 
software is written in Z8 assembly language to achieve 
fast and efficient motion control, yet allow full use 
of the BASIC interpreter. 

The HS-1, priced at $169, is part of a series of prod- 
ucts that combine to form a complete motion con- 
trol system. Motor controllers, power supplies, step- 
per motors, and cables are also available. For further 
information, contact; Cyberpak Co., PO Box 38, 
Brookfield, IL 60513, telephone (312) 387-0802. 
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Sweet Talker II 

weet Talker II is the third generation speech 
synthesizer from Micromint. The Sweet Talker 
II is based on the newest development in phonetic 
speech synthesis— the SSI 263 integrated circuit from 
Silicon Systems, Inc. 

The SSI 262 chip can be configured for various 
levels of intelligibility. At amazingly low data rates of 
no more than 400 bps, the Sweet Talker II can syn- 
thesize human singing complete with vibrato. Intona- 
tion, inflection, and filtration are all under program 
control and phoneme values can be set dynamically 
on five internal registers (a total of only 40 bits). Sweet 
Talker II is designed to work with the Apple II + or 
He but it can also be used on many other computers. 
Appropriate controls are provided for address map- 
ping with several buses. Its features include 256 
phoneme equivalents, 4096 pitch variations, and an 
onboard 1 W amplifier with volume control. There 


are five 8-bit internal registers, four modes of hand- 
shaking, and eight articulation rates. Finally, the Sweet 
Talker II also has 16 speed settings and amplitude 
levels as well as 255 settings of the vocal-tract filter 
and frequency response. 

A custom-designed text-to-speech algorithm 
employs a rule-based method of pronunciation that 
encompasses whole-word, morpheme, and letter rules 
in character-specific subtables. A utility routine is pro- 
vided for changing, editing, or redefining the rules. 
The utility can adjust the size of the main routine 
dependent on whether rules or characters in rules 
have been inserted or deleted. This makes the 
availability of foreign languages and dialects as sim- 
ple as redesigning the rule table. 

For more information about the Sweet Talker II, 
contact Micromint, Inc., 561 Willow Ave., Cedarhurst, 
NY 11516, telephone (516) 374-6793. 
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Classified 

Advertising 


Computer Motion Control. Learn 
the principles by building a flatbed plotter 
controlled by a Commodore 64 or Vic 20 
computer. Plans, programs, manual, etc., 
$49.00. Kit including motors $169.00, fully 
assembled $249.00. Stepper motor con- 
troller which controls two motors for the 
Commodore 64 or Vic 20 with fast machine 
code program on disk or tape $75.00; with 
the motors $99.00. Maxi-plot, 12430 
Highway 3 E 17, Webster, Texas 77598. 

“End of the Year Sale.” Save $400.00 
on the HERO-1 and RB5X. HERO-1 (Fully 
Assembled) $1795.00, RB5X $1895.00. No 
shipping charge (U.S.A. only). Cal-Robot, 
16200 Ventura Blvd., #223, Encino, CA 
91436, (818) 905-0721. 

Miller’s Wheel & Pinion Cutting. 

Write to; David G. Miller, 23/2 E. State St., 
Alliance, OH 44601. 


Please 

I support the 

AMERICAN 
/CANCER 
? SOCIETY® 
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boost 

your HERO-1 
to powerful 


levels 



Arctec Systems' whole new line of 
power-packed peripherals helps your 
Heathkit HERO-1™ personal robot 
reach its greatest potential. And with 
our dynamic software, you can even 
talk to your robot. 

Meet Our Peripherals and 
Software: 

HERO MEMCOM™ Board 

Develop great, new programs for 
your HERO-1 robot using your personal 
computer — and at the same time 
boost the robot’s memory almost ten- 
fold with an additional 30K of RAM! 

Our MEMCOM Board comes with an 
RS-232 serial port for direct communi- 
cations between your robot and 
practically any computer . . . two 8-bit 
bi-directional parallel ports for running 
peripherals — plus two 16-bit timers. 
Now — make superfast robot-computer 
data transfers! 

You get fast and easy-to-use commu- 
nications software, for uploading and 
downloading programs via the serial 
port . . . you can save programs when 
the robot is in its “sleep” mode . . . 


save programs on disk for later use — 
and all the hardware and cables needed 
for easy installation are included. 

Price: $345. 

Talk to Your Robot— with Our 
Voice Command System 

Connect the versatile Voice Command 
System to the HERO MEMCOM Board, 
and program your robot’s movements 
by voice alone. You get VOREC (Voice 
Recognition Board): a precise, speaker- 
dependent recognizer, with a flexible 
vocabulary of up to 256 words you train 


to your voice patterns. Plus VOCOL: 
the high-level machine language that 
gives your robot immediate and 
deferred execution modes. Price: $595. 
Voice Command System with HERO 
MEMCOM Board: $920. 

Apple-HERO Communicator 

Comes with all the hardware and 
software needed to hook up an Apple™ 
computer to your robot and HERO 
MEMCOM Board. Price: $159. 

And More 

Storyteller . . . Poet . . . Robot 
Language Macro . . . 6808 Cross 
Disassembler . . . Text-to-Phoneme 
Conversion . . . RS-232 Interface . . . 
Downloader . . . Development Disk for 
CP/M . . . Robot Cross-Assembler 
Package . . . Prom Adapter Extender 
Board . . . Polaroid Rangefinder. Arctec 
Systems has a full range of exciting add- 
ons for your HERO-1 personal robot. 

Act Right Now 

For more detailed information on the 
incredible range of Arctec add-ons 
available today — write or call. 




systems 


9104 Red Branch Road Columbia, Maryland 21045 
(301) 730-1237 • Telex 87-781 


Apple is the trademark of Apple Computer, Inc. HERO-1 is a trademark of Heath Corporation. 


Circle 4 


THE GOLDEN TOUCH TO AUTOMATION 

THE SIMPLIFIED MOTION CONTROL SYSTEM 


* * . m ^ eDLY - MEN (/ driven progm/mm/tt* 

RESOLUTION TO .014°-456W STEW 

CONTROL • NONVOLATILE MEMW* 

nones • wide range of drives * aimmw 
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» WWNOVATWJE MEMORY • 99 PROGRAMMABLE MOVES * 

"WRR. <* URINES • AUTO/MANUAL OPERATION • MEMORY EO/T- 



MODULYNX® Intelligent Two-Axis System 
for stepping motor control 



The leader in motion control technology 


For more information or the name of your nearest MODULYNX/MITAS Distributor, call (203) 582*9561 , ext. 383 or write 
to The Superior Electric Company, 383 Middle Street, Bristol, CT, 0601 0 
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